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Gentlemen: 

By letters dated April 12, 2000 (1CNA040002), and June 5, 2000 (1CNA060003), the NRC 
requested additional information concerning the Environmental Report (ER) which was submitted 
with the Arkansas Nuclear One, Unit 1 (ANO-1) License Renewal Application on 
January 31, 2000 (1CAN010003). Also, in correspondence dated May 1, 2000 (1CNA050001), 
the Staff requested Entergy Operations provide a copy of a U.S. Army Corps of Engineers letter 
concerning future plans for the operation of the McClellan-Kerr Arkansas River Navigation 
System that could affect operation of ANO-1. In the April 12, 2000, correspondence, the Staff 
requested a response date of June 11, 2000; however, due to resource constraints, this date was 
extended for two weeks. This was discussed with the ANO-1 NRR Environmental Project 
Manager. Attached are the responses to the Severe Accident Mitigation Alternative (SAMA) 
requests for additional information (RAIs) contained in the April 12, 2000, correspondence, the 
RAI related to hydrology contained in the June 5, 2000, correspondence, and a copy of the letter 
requested in the May 1, 2000, correspondence. Should you have any further questions, please 
contact me.  
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611 Ryan Plaza Drive, Suite 400 
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London, AR 72847 

Mr. Christopher Nolan 
NRR Project Manager Region IV/ANO-1 
U. S. Nuclear Regulatory Commission 
NRR Mail Stop 04-D-03 
One White Flint North 
11555 Rockville Pike 
Rockville, MD 20852 

Mr. Tom Kenyon 
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Request for Additional Information Regarding ER for ANO-1 

1. The Severe Accident Mitigation Alternative (SAMA) analysis is based on the ANO-1 
Probabilistic Safety Assessment (PSA), which is an update of the Individual Plant 
Examination (IPE) submitted to the NRC in 1993. The risk profile described by the 
PSA appears to be significantly different than that in the IPE. This has implications 
with respect to the identification and evaluation of plant-specific SAMAs. Provide the 
following information regarding the PSA to support the use of the PSA in the SAMA 
identification and evaluation process: 

a. A specific reference for the study, a description of the major differences between the 
Level 2 IPE and the Level 2 PSA in terms of both the methodology and assumptions 
and the insights/results of the studies, and a description of the internal and peer 
review of the PSA (Level 1 and 2).  

The PSA model used to perform the ANO-1 SAMA analysis was a draft version of the 
latest revision to the ANO-1 PSA model. The ANO-1 PSA model was being updated at 
the time that the ANO-1 SAMA analysis was being performed and a decision was made to 
use the most recent modeling information as opposed to using the existing 1993 vintage 
PSA model. Because the model was in revision when it was utilized for the SAMA 
analysis, a peer review of the model was not performed at the time of the SAMA analysis.  
However, upon completion of the ANO- 1 model update, a panel was assembled to review 
the results of the model quantification for appropriateness. As a result of this panel 
review, several changes were made to the model that further reduced the ANO-1 core 
damage frequency (CDF). One of the major changes affected the failure of a stop check 
valve from the makeup tank. A failure to close of this valve would cause the high pressure 
injection (HPI) pumps to fail due to air binding. However, the panel identified a recent 
revision to the emergency operating procedures (EOPs) that required the operators to 
align the low pressure injection (LPI) pump to the suction of the HPI pump during the 
injection phase. This action would prevent the failure mode discussed above and would 
decrease the significance of the valve's failure to close.  

The incorporation of the panel comments reduced the overall CDF of the ANO-1 PSA 
model. Since the benefits calculated in the SAMA analysis are relative to the baseline case 
CDF, it was concluded that the draft model used to perform the SAMA analysis was 
conservative.  

The level 2 analysis was updated during the same time period as the revision of the Level 
1 analysis. As with the Level 1 model, the ANO-1 Level 2 model was not independently 
reviewed and approved at the time of the SAMA analysis. However, subsequent review 
and formal documentation of the ANO-1 Level 2 model has been performed with no major 
changes from that used to support the SAMA analysis.  

The Level 2 (also called containment performance) portion of the ANO-1 model, including 
the plant damage state (PDS) descriptors, the containment event tree (CET), and the
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source term binning and containment release categories, is essentially the same as the IPE 
Level 2 analysis. However, new Level 1 sequences were binned into the existing plant 
damage states and a new Level 2 analysis was performed. The offsite (or Level 3) 
consequence analyses were carried out using the NRC-developed Melcor Accident 
Consequence Code System 2 (MACCS2), Version 1.12 (Chanin, et al. 1998), and 
site-specific data for meteorology, population, and evacuation modeling.  

b. A listing of the dominant accident sequences (covering at least 95 percent of the 
CDF), including the sequence logic in terms of event tree top events and descriptions 
of those top event headings. Note: the top 100 sequences would give additional 
insights beyond those offered from the previously submitted listing of cut sets, and 
could reveal if there is a pattern to the dominant sequences that could be addressed 
by a single SAMA.  

Sequences leading to core damage and their descriptions are as follows: 

TQmU/TQmX - These sequences represent transient initiating events with successful 
reactor trip and successful primary-to-secondary heat transfer via the steam generators.  
However, subsequent failures induce a medium loss-of-coolant accident (LOCA) due to 
an SRV failing to reclose. This event is then treated by a transfer to the medium LOCA 
event tree (transfer MI) where potential subsequent failures of the HPI system during 
injection from the borated water storage tank (BWST) and recirculation from the reactor 
building sump are modeled. TQmU sequences lead to early core damage, while TQmX 
sequences lead to late core damage.  

TQ.U/TQX - These sequences represent transient initiating events with successful reactor 
trip and successful primary-to-secondary heat transfer via the steam generators. However, 
subsequent failures induce a small LOCA (such as the electromatic relief valve (ERV) 
failing to reclose or reactor coolant pump seal LOCAs). This event is then treated by a 
transfer to the small LOCA event tree (transfer S1) where potential subsequent failures of 
the HPI system during injection from the BWST and recirculation from the reactor 
building sump are modeled. TQU sequences lead to early core damage, while TQSX 
sequences lead to late core damage.  

TBX - This sequence represents a transient-initiating event followed by failure of 
primary-to-secondary heat removal, but successful HPI cooling. This results in the 
depletion of the BWST inventory and a requirement for recirculation of the reactor 
building sump inventory, which subsequently fails. This sequence represents a 
transient-induced small LOCA. This event is treated by transfer S2 to the small LOCA 
event tree. This sequence leads to late core damage.  

TBF - This sequence involves transient initiating events with a subsequent loss of primary
to-secondary heat removal (i.e., main feedwater and emergency feedwater failures) and 
failure of HPI-cooling (due to HPI or ERV and safety relief valve (SRV) failures). This 
sequence leads to high reactor coolant system (RCS) pressure early core damage.
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SX - This sequence represents a small LOCA with successful primary system inventory 
control and subsequent failure of HPI or LPI systems during recirculation (after the 
BWST inventory is exhausted). This sequence leads to late core damage.  

SU - This sequence represents a small LOCA with failure of the IHPI to replace inventory 
lost out the break. This sequence leads to early core damage.  

SBX - This sequence represents a small LOCA with successful primary system inventory 
control, and initial failure of primary-to-secondary heat transfer. After the BWST 
inventory is exhausted, there is a failure of HPI or LPI during the recirculation mode of 
operation. This sequence leads to late core damage.  

SBU - This sequence represents a small LOCA with failure of HPI to replace inventory 
lost out the break and the failure of primary-to-secondary heat transfer. This sequence 
leads to early core damage.  

MX - This sequence represents a medium LOCA with successful primary system inventory 
control and subsequent failure of HPI or LPI systems during recirculation (after the 
BWST inventory is exhausted). This sequence leads to late core damage.  

MU - This sequence represents a medium LOCA with failure of the HPI to replace 
inventory lost out the break. This sequence leads to early core damage.  

AX - This sequence represents a large-break LOCA with failure of the LPI system during 
recirculation (after the BWST is emptied). Due to the break size, the large flow rate 
required of LPI, coupled with reactor building spray actuation, results in rapid depletion of 
the BWST inventory. Therefore, failure of recirculation following a large-break LOCA 
has been conservatively assumed to result in early core damage.  

AU - This sequence represents a large-break LOCA with failure of LPI, HPI, or core 
flood tanks. This sequence results in early core damage.  

RX - This sequence represents the case when a steam generator tube rupture (SGTR) 
occurs followed by successful reactor trip, primary-secondary heat removal, and inventory 
make-up. However, the RCS remains at high pressure and inventory is conservatively 
assumed to be lost through the steam generator. RCS inventory control will be lost when 
the BWST is depleted, causing LPI suction to be aligned to an empty reactor building 
sump. This sequence results in late core damage.  

RU - This sequence represents a SGTR followed by failure of the operators to use the 
unaffected steam generator to depressurize the RCS below the affected steam generator 
pressure (i.e., failure to terminate the leak) and failure of the HPI system to make-up 
inventory lost out the ruptured tube. Although this sequence is slow to progress it has 
been conservatively assumed that this sequence results in early core damage.
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RBX - This sequence represents the case where the SGTR occurs followed by loss of 
primary-to-secondary heat removal. This requires HPI-cooling, and requires that decay 
heat be removed via the LPI system during recirculation. If the flow path from the 
affected steam generator is not isolated prior to the BWST inventory being exhausted 
from the sump, inventory control will be lost, leading to eventual core uncovering and late 
core damage.  

RBF - This sequence represents a SGTR followed by success of RCS inventory control 
and loss of primary-to-secondary heat removal function. This results in RCS 
pressurization above the steam generator main steam safety valve (MSSV) setpoint.  
When HPI cooling is not successfully initiated, boil-off of RCS inventory out the steam 
generator MSSVs or SRVs results in high RCS pressure early core damage.  

RBU - This sequence represents the case where the SGTR occurs followed by loss of 
primary-to-secondary heat removal. This requires HPI cooling, which subsequently fails.  
This sequence results in high RCS pressure early core damage.  

The following is a listing of the dominant accident sequences derived from the cutsets contained 
in correspondence dated April 11, 2000 (1CAN040001).

Accident Core Damage 
Sequence Frequency (/rx-yr) 

AX 3.47-06 
TBF 2.29E-06 

TQsU 2.52E-06 
SX 5.38E-07 

TBX 4.38E-07 
SU 3.80E-07 

TQmX 8.54E-08 
RBF 1.85E-07 
AU 6.40E-08 

TQmU 3.32E-08 
RX 6.29E-08 
MX 4.20E-08 
MU 3.25E-08 

RBX 4.54E-08 
RBU 1.88E-08 
TQsX 4.74E-09 

RU 2.10E-10 
SBU O.OOE+00 
SBX O.OOE+00 

Total Frequency 1.02E-05
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c. A breakdown of core damage frequency by leading contributors, for comparison 
with information in Figure 11.7 of NUREG-1560, "Individual Plant Examination 
Program: Perspectives on Reactor Safety and Plant Performance," December 1997, 
and a discussion of any unique features that may make the ANO-1 core damage 
frequency for key contributors significantly lower than at other Babcock and Wilcox 
(B&W) plants.  

The following is a listing of initiators and their contribution to CDF, and was derived from 
the cutsets contained in correspondence dated April 11, 2000 (1CAN040001).  

INITIATOR CORE DAMAGE FREQUENCY CONTRIBUTION 
Initiator Core Damage 
A 3.53E-06 
T3 5.OOE-08 
S 9.22E-07 
T13 3.34E-07 
T8 2.49E-06 
T2 3.32E-07 
TI 3.01E-07 
R 3.16E-07 
T10 1.60E-07 
T7 1.1OE-07 
T9 3.OOE-08 
T15 3.OOE-08 
M 8.OOE-08 
T16 7.50E-07 
T11 5.72E-07 
T14 2.47E-07 
T6 1.OOE-08 
T12 1.OOE-08 
T4 0.OOE-00 
T5 O.OOE-00 
Total Frequency 1.02E-05/Rx-yr 

Using the above initiators and their contribution to CDF, a grouping consistent 
with NUREG-1560 Figure 11.7 is as follows: 

SBO 5.OOE-8 (equivalent to T3 initiator) 
ATWS 5.73E-7 (ANO-1 ATWS Scoping Analysis) 
T (transients) 5.38E-6 without T3 and 5.43E-6 with T3 
SGTR 3.16E-7 
LOCA 4.53E-6 
ISLOCA 4.5E-8 (ANO-1 Interfacing Systems LOCA Calculation) 
FLD All Scenarios <l.00E-6 

NRC correspondence dated April 11, 2000 (1CAN040001), also contains a listing 
and discussion of unique plant features.
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d. The results of an importance analysis indicating those systems, structures, 
components, or human actions having the greatest potential worth for reducing risk 
at ANO-1.  

Refer to the table provided in response to 1 (e) below.  

e. A discussion of the extent to which the PSA (in contrast to the IPE) was used to 
identify potential SAMAs.  

Although the ANO-1 IPE was the primary plant specific input to the identification of 
SAMAs, the importance analysis results from the PSA update were examined at the 
Staff's request to identify potential SAMAs. Several commitments were made in the IPE, 
as a result of its formal insights development effort, to make improvements in the plant 
and the progress made on these items was reported in the SAMA analysis.  

Since the basic events of a PSA are potential plant risk reduction candidates, the first step 
in examining such a list is from the cost/benefit perspective. A sensitivity study was 
performed on the basic events having risk reduction worths (RRWs) greater than 1.005 
from the updated PSA result. This value is consistent with industry guidance on definition 
of important events. Events having RRW equal to 1.005 were initially omitted due to the 
large number of events having that importance level.  

This sensitivity study examined the impact on the CDF of a large reduction in the basic 
event probability (a factor of 10) of each of the basic events with RRW greater than 1.005.  
The individual basic event results were converted to a "benefit", assuming that the change 
in CDF was directly proportional to the reduction in the maximum achievable benefit 
(MAB),which is a reasonable assumption since none of the events are solely related to 
containment bypass sequences. The sensitivity analysis revealed that those events having 
RRWs greater than 1.2 would be considered further. Events with RRWs less than 1.2 
yielded benefits that, when doubled, were below the $30,000 value selected as the 
minimum cost for making a procedure change at ANO-1. This conclusion validated the 
selection cutoff of RRW greater than 1.005.  

The examination of the sensitivity analysis results revealed two human actions that are 
potential candidates for risk reduction, each having a RRW greater than 1.2. The two 
actions are (1) operator failure to attempt low pressure recirculation within 30 minutes of 
a large LOCA, and (2) operator failure to trip reactor coolant pumps within 30 minutes of 
a loss of seal cooling. The first of these operator actions is the subject of an ongoing 
procedure improvement project also discussed in RAI 10, resulting from the SAMA 
evaluation. The second action is already proceduralized and the operators are well trained 
in this action. Additionally, the calculation of the benefit is expected to be very 
conservative because it is not likely that improvements could be made that would result in 
human error probabilities an order of magnitude lower than the current values. It is
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therefore expected that the actual benefit of improvement in operator performance would 
be much less than this conservative result.  

The remaining basic events in this sensitivity analysis could be categorized into the 
following groups and dispositioned by group: 

Human Actions 
The remaining human actions in the list of basic events with RRW greater than 1.005 were 
not of sufficient benefit to consider for further action. This conclusion is based upon the 
estimated cost of $30,000 to develop and implement a procedure change at ANO-1.  

Hardware Events 
Hardware performance at ANO-I is monitored by several programs. These programs 
assure that failures are examined and corrective actions are taken and are adequate to 
address concerns about improvement in reliability of the plant's systems/components.  
These programs are discussed in the response to RAI 11.  

Common Cause Events 
Common cause events are important because they can affect multiple redundant trains of 
required systems. These groups of events are defined by similarity in environment, design, 
and function. To reduce the impact of such events, it would be necessary to make a plant 
modification that would exclude a component from such a group. Any plant modification 
to add diversity to an existing common cause group would be prohibitively expensive.  
Since some of the failures that would be classified as common cause are associated with 
reliability issues, the previous discussion of existing programs applies to common cause 
events also.  

In addition to the previous discussion, most of the basic events (and certainly the events 
having higher calculated benefits) are unrelated to aging and are not relevant to the license 
renewal process.  

The following table presents the results of the sensitivity analysis on the basic events with 
RRW greater than 1.005:
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Basic Events Ranked by RRW - Estimated Benefit Sensitivity

Event Name Probability Fus Ves BirnBm Red W Ach W Description Estimated Benefit Conclusions 
Based on CDF Only 

(Factor of 10 
Reduction in Event 

Probability) 

XHFIALPRAD 7.67E-02 3.17E-01 4.50E-05 1.464 4.82 OPERATOR FAILS TO ATTEMPT <$41.5K Potential for risk reduction but not 
LPR WITHIN 30 MINUTES OF L aging-related.  
LOCA 

QHF1RCPTRP 2.12E-03 2.20E-01 1.13E-03 1.282 104.45 OPERATOR FAILS TO TRIP RCPS <$28.8K Potential for risk reduction but not 
ON 30 MINUTES aging-related.  

SGOFREC 4.28E-02 1.04E-01 2.65E-05 1.116 3.33 OPERATOR FAILS TO PREVENT <$13.7K Small expected benefit Not aging
SG OVERFILL WITH MFW related.  

RECB56 4.00E-01 LO.E-01 2.75E-06 1.112 1.15 OPS. FAILS TO ALIGN POWER TO <$13.3K Conservative value used; could be 
B56 removed with very little difference 

in the results. Not aging- related.  

RECB5OR6 4.00E-01 8.93E-02 2.43E-06 1.098 1.13 OPS. FAILS TO CROSSTIE POWER <$11.7K Conservative value used; could be 
SUPPLY removed with very little difference 

in the results. Not aging- related.  

QTPIEFP7AA 7.72E-03 4.19E-02 5.90E-05 1.044 6.38 TURBINE-DRIVEN PUMP EFP-7A <$5.5K Existing programs monitor/ improve 
FAILS TO START component performance. Small 

expected benefit. Not aging-related.  

SGOFREC2 2.26E-02 4.04E-02 1.94E-05 1.042 2.75 OPERATOR FAILS TO PREVENT <$5.3K Small expected benefit. Not aging
SG OVERFILL WITH EFW related.  

EDG2DGAACF 5.73E-02 3.70E-02 7.02E-06 1.038 1.61 DIESEL GENERATOR AAC FAILS <$4.9K Existing programs monitor/improve 
TO RUN component performance. Small 

expected benefit. Not aging-related.  

QHF1P7BTNL 3.OOE-03 3.12E-02 1.13E-04 1.032 11.38 OPERATORS FAIL TO <$4.1K Small expected benefit. Not aging
CORRECTLY RESTORE P7B related.  
AFTER MAINTENANCE 

QMPI EFP7BA 2.93E-03 3.05E-02 1.13E-04 1.031 11.39 MOTOR DRIVEN PUMP EFP 7B <$4.0K Existing programs monitor/improve 
FAILS TO START component performance. Small 

expected benefit Not aging-related.  

UHF1THPIAD 2.89E-03 2.84E-02 1.07E-04 1.029 10.79 OPERATOR FAILS TO ATTEMPT <$3.8K Small expected benefit Not aging
HPI COOLING related.
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Event Name Probability Fus Ves BirnBm Red W Ach W Description Estimated Benefit Conclusions 
Based on CDF Only 

(Factor of 10 

Reduction in Event 
Probability) 

EDGIDG1XXF 5.73E-02 2.76E-02 5.24E-06 1.028 1.45 DIESEL GENERATOR DGI FAILS <$3.7K Existing programs monitor/improve 
TO RUN component performance. Small 

expected benefit. Not aging-related.  

LMPIOP34BA 2.61E-03 2.74E-02 1.14E-04 1.028 11.47 MOTOR-DRIVEN PUMP P34B <$3.6K Existing programs monitor/improve 
FAILS TO START component performance. Small 

expected benefit. Not aging-related.  

RECP7AMAN 1.17E-0I 2.69E-02 2.50E-06 1.028 1.2 OPERATOR FAILS TO RECOVER <$3.6K Small expected benefit. Not aging
P7A MAN AFTER EARLY STM related.  
ADM OPENING (-T3) 

XHFISMALLX 5.17E-04 2.73E-02 5.74E-04 1.028 53.72 OPERATOR FAILS TO BEGIN HPR <$3.6K Small expected benefit. Not aging
FOLLOWING S-LOCA related.  

LMPICCFBF1 L.10E-01 2.61E-02 2.58E-06 1.027 1.21 MOTOR-DRIVEN PUMP COMMON <$3.5K Design issue. Adding diversity is 
CAUSE BETA FACTOR extremely expensive and would not 

be cost beneficial.  

HMPICCFBF1 1.70E-OI 2.34E-02 1.50E-06 1.024 1.11 MOTOR-DRIVEN PUMP COMMON <$3.1K Design issue. Adding diversity is 
CAUSE BETA FACTOR extremely expensive and would not 

be cost beneficial.  

EDG1DG2XXF 5.73E-02 2.28E-02 4.32E-06 1.023 1.37 DIESEL GENERATOR DG2 FAILS <$3.OK 
TO RUN 

HMP1OP36AF 2.OOE-03 2.25E-02 1.22E-04 1.023 12.23 MOTOR-DRIVEN PUMP P36A <$3.OK Existing programs monitor/improve 
FAILS TO RUN component performance. Small 

expected benefit. Not aging-related.  

QMP1EFP7BF 1.95E-03 1.98E-02 L.10E-04 1.02 11.1 MOTOR DRIVEN PUMP EFP 7B <$2.6K Existing programs monitor/improve 
FAILS TO RUN component performance. Small 

expected benefit. Not aging-related.  

QTDIC2613F 3.60E-02 1.69E-02 5.12E-06 1.017 1.45 CV-2613 TIME DELAY <$2.3K Existing programs monitor/ improve 
PREMATURE (OPENS CV-2613 component performance. Small 
TOO EARLY) expected benefit. Not aging-related.  

QTD1C2663F 3.60E-02 1.69E-02 5.12E-06 1.017 1.45 CV-2663 TIME DELAY <$2.3K Existing programs monitor/improve 
PREMATURE (OPENS CV-2663 component performance. Small 
TOO EARLY) expected benefit. Not aging-related.
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Event Name Probability Fus Ves BirnBm Red W Ach W Description Estimated Benefit Conclusions 
Based on CDF Only 

(Factor of 10 
Reduction in Event 

Probability) 

EDGICCFBFI 5.OOE-02 1.58E-02 3.45E-06 1.016 1.3 COMMON CAUSE DIESEL <$2.1K Design issue. Adding diversity is 
GENERATOR FAILURE BETA extremely expensive and would not 
FACTOR be cost beneficial.  

QLC1TMA1OD 1.40E-03 1.50E-02 1.17E-04 1.015 11.7 LOGIC CIRCUIT FOR TRIP <$2.OK Existing programs monitor/ improve 
MODULE CH. A BUS 1 FAILS TO component performance. Small 
GENERATE SIGNAL expected benefit. Not aging-related.  

QLC1TMA20D 1.40E-03 1.50E-02 1.17E-04 1.015 11.7 LOGIC CIRCUIT FOR TRIP <$2.0K Existing programs monitor/improve 
MODULE CH. A BUS 2 FAILS TO component performance. Small 
GENERATE SIGNAL expected benefit. Not aging-related.  

QHF1P7ATNL 3.OOE-03 1.35E-02 4.89E-05 1.014 5.48 OPERATORS FAIL TO <$1.8K Small expected benefit. Not aging
CORRECTLY RESTORE EQUIP IN related.  
EFW TRAIN A 

ETM1A3XXXX 5.66E-05 1.28E-02 2.46E-03 1.013 227.15 4160V SWGR A3 IN TEST OR <$1.7K Existing programs monitor/improve 
MAINTENANCE component performance. Small 

expected benefit Not aging-related.  

RECGAGSTM 1.50E-01 1.25E-02 9.05E-07 1.013 1.07 OPERATOR FAILS TO GAG MSSV <$1.7K Small expected benefit Not aging
AFTER IT FAILS TO RESEAT related.  

DCD11124XR 2.46E-02 1.19E-02 5.24E-06 1.012 1.47 125VDC BREAKER 72-1124 <$1.6K Existing programs monitor/ improve 
TRANSFERS OPEN component performance. Small 

expected benefit. Not aging-related.  

QHF1HPITRI 7.24E-02 1.23E-02 1.85E-06 1.012 1.16 OPERATOR FAILS TO THROTTLE <$1.7K Small expected benefit. Not aging
HPI TO PREVENT RCS PRESSURE related.  
RELIEF 

RRZIP1000T 3.06E-03 1.17E-02 4.16E-05 1.012 4.81 ERV (PSV-1000) FAILS TO <$1.6K Existing programs monitor/ improve 
RESEAT AFTER STEAM component performance. Small 

expected benefit. Not aging-related.  

QTM1P7ATRN 2.92E-03 1.12E-02 4.18E-05 1.011 4.83 TRAIN A IN MAINTENANCE <$1.5K Existing programs monitor/improve 
component performance. Small 
expected benefit. Not aging-related.
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Event Name Probability Fus Ves BirnBm Red W Ach W Description Estimated Benefit Conclusions 
Based on CDF Only 

(Factor of 10 
Reduction in Event 

Probability) 

HHF1OP36CL 3.OOE-03 1.03E-02 3.73E-05 1.01 4.41 TRAIN P36C MAINTENANCE <$1.4K Existing programs monitor/improve 
RESTORATION FAILURE component performance. Small 

expected benefit. Not aging-related.  

LHFILHEO04 3.OOE-03 9.63E-03 3.49E-05 1.01 4.2 TRAIN B LPR MAINTENANCE <$1.3K Existing programs monitor/improve 
RESTORATION FAILURES component performance. Small 

expected benefit. Not aging-related.  

LMPIOP34BF 9.88E-04 9.92E-03 1.09E-04 1.01 11.03 MOTOR-DRIVEN PUMP P34B <$1.3K Existing programs monitor/improve 
FAILS TO RUN component performance. Small 

expected benefit. Not aging-related.  

QTP1EFP7AF 2.11E-03 1.02E-02 5.26E-05 1.01 5.82 TURBINE-DRIVEN PUMP EFP-7A <$1.4K Existing programs monitor/nimprove 
FAILS TO RUN component performance. Small 

expected benefit. Not aging-related.  

EDG2DGTMAA 1.64E-02 9.37E-03 6.22E-06 1.009 1.56 DG AAC IN TEST & <$1.3K Existing programs monitor/ improve 
MAINTENANCE component performance. Small 

expected benefit. Not aging-related.  

PRYIV2698T 7.91E-03 9.10E-03 1.25E-05 1.009 2.14 SG A MSSV PSV-2698 FAILS TO <$1.2K Existing programs monitor/improve 
RECLOSE component performance. Small 

expected benefit. Not aging-related.  

PRY1V2699T 7.42E-03 8.51E-03 1.25E-05 1.009 2.14 SG A MSSV PSV-2699 FAILS TO <$1.2K Existing programs monitor/ improve 
RECLOSE component performance. Small 

expected benefit. Not aging-related.  

DBDI00DIlF 8.78E-06 8.11E-03 1.OOE-02 1.008 922 DC BUS OOD1I FAULT <$1.1K Existing programs monitor/improve 
component performance. Small 
expected benefit.  

LMV1CCFBFI 8.OOE-02 7.95E-03 1.08E-06 1.008 1.09 MOTOR-OPERATED VALVE <$1.iK Design issue. Adding diversity is 
COMMON CAUSE BETA FACTOR extremely expensive and would not 

be cost beneficial.
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Event Name Probability Fus Ves BlrnBm Red W Ach W Description Estimated Benefit Conclusions 
Based on CDF Only 

(Factor of 10 
Reduction in Event 

Probability) 

LTK1OBWSTJ 1.16E-04 7.77E-03 7.30E-04 1.008 68.02 TANK BWST RUPTURE <$1.iK Very small expected benefit. Very 
costly modification. Not expected to 
be cost beneficial.  

EDGOPER-R 1.22E-02 6.81E-03 6.07E-06 1.007 1.55 OPERATOR FAILS TO START DG <$0.9K Small expected benefit. Not aging
AAC related.  

HMP1OP36CA 1.94E-03 6.46E-03 3.62E-05 1.007 4.32 MOTOR-DRIVEN PUMP P36C <SO.9K Existing programs monitor/ improve 
FAILS TO START component performance. Small 

expected benefit. Not aging-related.  

HMP1OP36CF 2.OOE-03 6.67E-03 3.63E-05 1.007 4.33 MOTOR-DRIVEN PUMP P36C <$0.9K Existing programs monitor/ improve 
FAILS TO RUN component performance. Small 

expected benefit. Not aging-related.  

LTM1TRAINA 4.20E-03 6.75E-03 1.75E-05 1.007 2.6 TRAIN A IS IN MAINTENANCE <$0.9K Existing programs monitor/improve 
component performance. Small 
expected benefit. Not aging-related.  

QAV102888R 2.69E-05 7.27E-03 2.94E-03 1.007 271.31 AIR-OPERATED VALVE CV-2888 <$1.0K Existing programs monitor/ improve 
TRANSFERS OPEN component performance. Small 

expected benefit. Not aging-related.  

QTM1P7BTRN 8.89E-04 7.43E-03 9.09E-05 1.007 9.35 P7B IN MAINTENANCE <$1.0K Existing programs monitor/ improve 
component performance. Small 
expected benefit. Not aging-related.  

DTM100D06M 1.68E-04 6.11E-03 3.96E-04 1.006 37.34 BATTERY D06 IN MAINTENANCE <$0.8K Existing programs monitor/improve 
component performance. Small 
expected benefit. Not aging-related.  

EMPICCFBF1 1.70E-01 5.90E-03 3.78E-07 1.006 1.03 COMMON CAUSE DG FUEL <$0.8K Design issue. Adding diversity is 
TRANSFER PUMP P16 FAILURE extremely expensive and would not 
BETA FACTOR be cost beneficial.  

EMP1P16AXA 4.84E-03 5.74E-03 1.29E-05 1.006 2.18 MOTOR-DRIVEN PUMP P-16A <$0.8K Existing programs monitor/ improve 
FAILS TO START component performance. Small 

expected benefit. Not aging-related.
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Event Name Probability Fus Ves BinsBm Red W Ach W Description Estimated Benefit Conclusions 
Based on CDF Only 

(Factor of 10 
Reduction in Event 

Probability) 

ETM1A4XXXX 5.66E-05 5.69E-03 1.09E-03 1.006 101.49 4160V SWGR A4 IN TEST OR <$0.8K Existing programs monitor/ improve 
MAINTENANCE component performance. Small 

expected benefit. Not aging-related.  

ETMI1B6XXXX 5.66E-05 5.92E-03 1.14E-03 1.006 105.52 480V LCC 136 IN TEST OR <$0.8K Existing programs monitor/improve 
MAINTENANCE component performance. Small 

expected benefit. Not aging-related.  

LTM1TRAINB 2.13E-03 6.16E-03 3.15E-05 1.006 3.89 TRAIN B IS IN MAINTENANCE <S0.9K Existing programs monitor/improve 
component performance. Small 
expected benefit. Not aging-related.  

QHFIC2648L 3.OOE-03 6.11E-03 2.22E-05 1.006 3.03 MISCALIBRATION OF CV-2648 <$0.8K Small expected benefit. Not aging
CONTROLLER SETPOINTS related.  

RRYIOIO01T 7.91E-03 5.74E-03 7.91E-06 1.006 1.72 SRVPSV-1001 FAILS TOCLOSE <$0.8K Existing programs monitor/improve 
(STM) component performance. Small 

expected benefit. Not aging-related.  

RRY101002T 7.91E-03 5.74E-03 7.91E-06 1.006 1.72 SRV PSV-1002 FAILS TO CLOSE <$0.8K Existing programs monitor/ improve 
(STM) component performance. Small 

expected benefit. Not aging-related.  

SSV103841C 1.95E-03 6.16E-03 3.44E-05 1.006 4.15 SOLENOID VALVE SV3841 FAILS <$0.9K Existing programs monitor/ improve 
TO CLOSE component performance. Small 

expected benefit. Not aging-related.
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2. Entergy Operations submitted an Individual Plant Examination for External Events 

(IPEEE) in May 1996, but did not use that analysis to identify candidate SAMAs for 
external events or to estimate the added benefits that internal event SAMAs provide in 
external events. Instead, Entergy Operations addressed only SAMAs for internal events 
and estimated the benefits of those SAMAs in external events by doubling the risk 
reduction estimates for internal events. This approach implicitly assumes that there are 
no cost beneficial SAMAs for external events, and that the contribution to risk and risk 
reduction from external events is equal in value and profile to that from internal events.  
Studies at other commercial nuclear power plants have shown that external events can 
be the dominant contributor to core damage frequency and overall risk, and that 
numerous minor plant modifications can be warranted for external events. In this 
regard, provide the following: 

a. Justification for omitting plant-specific SAMAs related to external events from the 
scope of the SAMA analysis and rationale as to why further enhancements for 
external events are not warranted at ANO-1, or alternatively, provide a revised 
SAMA analysis with consideration of plant-specific external event vulnerabilities.  

The IPEEE was reviewed as a source of potential plant enhancements and the progress 
made in the implementation of these enhancements was reported in the SAMA analysis.  
As described in the submittal, the enhancements that were proposed in the IPEEE were 
implemented at the plant. The IPEEE analysis processes for ANO-1 revealed that the risk 
from external events was relatively low but did bring to light certain plant vulnerabilities to 
severe external events that are typically well beyond design basis. Even though it was 
concluded that risk from external events was relatively low, since ANO-1 does not have 
an external events PSA, the potential contribution of external events to overall risk was 
assumed to be equivalent to that of internal events for the purposes of this analysis.  
SAMA items numbered 158, 159, 160, 161, 162, 163, 164, 165, 166, 167, and 168 
represent those potential safety improvements (IPEEE vulnerabilities) and are the result of 
including external events in the scope of our SAMA analysis to the extent possible with 
ANO- I's models.  

b. Justification that the doubling assumption provides a reasonable upper bound 
estimate of the external event risk reduction for the SAMAs considered, or 
alternatively, provide an updated analysis that explicitly treats external event risk in 
the assessing the risk reduction for each SAMA.  

As observed by the expert panel, not all of the potential SAMAs would be impacted by an 
external event. In some cases the external events would only impose partial failure of 
system or trains. It is for this reason that the doubling of the benefit to account for 
external events is considered to be conservative. In addition, the conservative nature of 
the analysis assumptions tends to overestimate the benefits of the SAMA. This provides 
bounding results. When one considers an additional doubling of the benefit to account for 
external events it is concluded that the results would be bounded.
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In addition, for ANO-1, the major contributor from external risk is expected to come from 
the risk of a fire. However, when considering the results of the IPEEE insights for the 
ANO-1 Fire Screening Analysis, a review of the unscreened zones reveals that the largest 
CDF from a fire in a single zone is 8.94E-06. This value is less than the CDF calculated 
for the internal events. These results reflect values for each unscreened zone that are less 
than the CDF calculated for the internal events PSA. Because the fire analysis was done 
as a screening analysis only and not as a determination of the risk value for a fire at 
ANO-1, the results from the fire analysis are considered to be very conservative. Given 
the conservative nature of the analysis, there is reasonable assurance that the risk 
associated with a fire would be bounded by increasing the benefit by a factor of two.  

3. The radionuclide release fractions in the SAMA analysis are identical to those in the 
IPE, but the frequency estimates differ. Please describe the reasons for these 
differences. Specifically discuss why: 

a. Release mode BP-4 is included (and identified as a Large Early Release) in Table 
4.7-4 of the WPE but omitted from Table G.1-2 of the ER.  

Release modes BP-D4A and BP-D4B, which appear in Table 4-7-4 of the IPE, were 
evaluated in the IPE as having zero frequency of occurrence. Figure 4.5-3 of the IPE 
indicates that there are no sequences leading to those endstates in this model. This is 
indicated by their non-appearance in Table 4-6.2 of the IPE that presents the ANO-1 CET 
endstate frequency results. They are also not included in the list of "Large Release" CET 
endstates identified in the last paragraph of Section 4.6.4 of the IPE. The release modes 
BP-D4A and BP-D4B were at zero frequency in the updated PSA as well as in the IPE.  
Because of their zero frequency of occurrence they are not included in the SAMA 
analysis.  

b. There appears to be a large reduction (factor of 4 to 12) in the frequency of several 
plant damage states that are major contributors to estimated dose, specifically, 
E4-R, C6-R, C4-L, D4-L, and D4-R.  

The plant damage frequencies appearing in Table G. 1-2 of the ER are the quantified 
frequencies from the updated ANO-1 Level 1 PSA. The values in Table 4.6-2 of the 
original IPE submittal are superceded by the updated PSA values. Therefore the 
frequencies are different because the inputs to the various plant damage state bins from the 
updated Level 1 PSA are different from the IPE values. As an example of this, a 
significant contributor to these reductions is the reduction in station blackout (SBO) 
sequences. A lower PSA loss of offsite power (LOSP) initiator frequency resulted from 
analysis of an extended (to 1997) time span window of the historical data, compared to 
the original IPE.
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c. The individual frequencies for most plant damage states (PDSs) involving bypass 
with early release are higher in the SAMA analysis.  

See response to RAI 3(b) above that also applies to this response. The SGTR PDS 
contributes more to the baseline analysis used in the SAMA evaluation than it did in the 
IPE for two reasons. First, for the purposes of the SAMA evaluation, the ISLOCA 
contribution to core damage was combined with the contribution from SGTR. In the IPE, 
these events were kept seperate. Secondly, there were modeling changes made in the PSA 
update that had the impact of increasing the SGTR PDS frequency (additional failure 
modes were considered that had not been included in the IPE). The overall result of these 
differences was an increase in the SGTR PDS frequency over that reported in Table 4.3.3 
of the IPE, even though the overall core damage frequency decreased.  

4. For important release modes, provide a comparison of the ANO-1 release fractions to 
corresponding release information for representative sequences in NUREG-1150, 
"Severe Accident Risks: An Assessment for Five US Nuclear Power Plants," June 1989, 
where applicable (e.g., Figures 3.7 and 3.8 in NUREG-1150).  

The following Table lists the release fractions for several types of release modes, based on 
building failure time, whether the failure was a leak or a rupture, and whether or not 
core-concrete interaction occurred. The sequences are chosen from most significant 
contributors for offsite dose. These are the release fractions corresponding to the MACCS2 
input variable RELFRC ordering. The values for the PARENT species groups "Ru", "La", 
"Ce", and "Ba" were set to zero for the release modes in the ANO-1 work. These are the 
release fractions as reported in the IPE. Two representative mean release fractions sets 
estimated from the NUREG- 1150 figures for Surry are also given for comparison.
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ANO-1 Release Fractions for Significant CET EP Contributors to Offsite Dose

CET 
ENDPOINT Xe/Kr I CS TE SR 
(RELEASE 

MODE) 
Surry Late 1.OE+00 3.E-02 1.E-03 2.E-03 1.6E-04 
Containment 
Failure 
NUREG
1150 
ANO-1 Late 1.OOE+00 1.53E-02 1.04E-02 2.8 1E-02 2.83E-06 
Containment 
Failure with 
CCI 
C6-L,-R 

Surry 0.8E+00 2.2E-01 2.OE-01 1.2E-01 2.6E-02 
Containment 
Bypass 
NUREG
1150 

ANO-1 1.OOE+00 3.89E-01 3.43E-01 2.58E-01 1.16E-03 
Containment 
Bypass 
BP-E6B

I _______ 1 A

-. . . . .. .. . .. .. .. .. .F r ct on fo r ........ . . . ...T....... ..... .. . ...... . ...Do s
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5. As stated in the NRC's review of the IPE, the original Level 2 analysis submitted as part 
of the IPE used a simplified scoping analysis and lacked detailed plant-specific 
calculations. The conclusion of that review was that "the back-end analysis is likely to 
be of limited use for future applications beyond fulfilling the intent of Generic Letter 
88-20." In view of this finding, please explain why no upgrades to the Level 2 IPE 
analysis were made for this application.  

A limited-scope Level 2 analysis was performed as part of the ANO-1 PSA/IPE. The 
objective of the ANO-1 "back-end analysis" was to produce a scoping level, yet realistic 
estimate of the overall ANO-1 reactor building response to severe accident phenomena.  
ANO-1 specific features were considered in the analysis at the plant damage state, CET 
model, and quantification steps.

CET 
ENDPOINT Xe/Kr I CS TE SR 
(RELEASE 

MODE) 

ANO-1 1.OOE+00 3.85E-01 3.05E-01 2.60E-01 8.80E-04 
Early 
Containment 
Rupture 
with CCI 
E4-R 

ANO-1 1.OOE+00 9.35E-02 7.39E-02 7.11E-02 2.13E-04 
Early 
Containment 
Leak with 
CCI 
E4-L 

ANO-1 9.41E-01 7.54E-02 4.70E-02 2.60E-02 3.44E-03 
Early 
Containment 
Rupture w/o 
CCI 
D4-R 

ANO-1 9.41E-01 2.02E-02 1.25E-02 6.27E-03 8.30E-04 
Early 
Containment 
Leak w/o 
CCI 
D4-L
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The CETs developed for ANO-1 included the important phenomenological and 
systems-related events identified in previous PSAs and account for the risk-significant issues 
applicable to ANO-1. Plant-specific information was used to form conclusions regarding the 
impact of the identified severe accident response issues on ANO-1. The reactor building 
internal pressure capability has been evaluated using recent test values of structural member 
strength and a typical reference reactor building analysis. The basic events in the CET were 
quantified using screening values based on reference plant estimates, plant-specific 
information, simplified calculational models and comparative evaluations. Phenomenological 
events were quantified using reported values, mostly based on Surry. Surry was used as the 
reference plant due to its many similarities with ANO-1. Basic events that were 
phenomena-related and strongly influenced by plant-specific features were generated by 
biasing the reference plant probabilities based on the ANO-1 plant-specific design 
considerations or via qualitative plant specific probability assessments. Consistent with the 
scoping nature of the ANO-1 CET quantification, the mid-point probability values (Surry 
NUREG- 1150) were applied on plant-specific phenomenological issues where plant-specific 
mechanistic analyses could not be developed. The fission product releases were characterized 
using the Surry (SURSOR) methodology.  

The ANO-1 Level 2 analysis is considered adequate for the purposes of the license renewal 
SAMA analysis. The modeling is plant-specific and the quantification did consider the 
important plant-specific design factors. Examination of the actual values shows the numbers 
are generally on the conservative side (i.e., towards containment failure and augmented 
release fractions). "Level 2" SAMAs could therefore be identified, though in fact none were.  
In the SAMA analyses, the benefits are calculated on a difference basis, that is, two 
calculations with and without the SAMA concept are performed, with the difference being the 
benefit. This has two side effects. Systematic uncertainties tend to cancel out. Those 
analyses that are on the high side with respect to offsite effects, because of the Level 2 results, 
tend to show higher benefits for a given SAMA concept and hence support higher allowable 
costs for beneficial concepts.
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6. A Level 3 extension of the PSA was developed to support the SAMA study. This 
analysis has never been reviewed by the NRC. Although summary information 
regarding the MACCS calculations is provided in Attachment G.1, the following 
additional information is needed to assess the adequacy of the Level 3 analysis: 

a. A description of the internal and peer review of the Level 3 analysis.  

The limited Level 3 PSA for ANO-1 was specifically prepared for the purposes of the 
license renewal SAMA analyses. As such, it has not been subjected to the same extensive 
levels of peer review as was performed for the original IPE submittal.  

The limited Level 3 PSA is a documented ANO-1 analysis prepared by Scientech, Inc.  
who have prepared similar analyses for Turkey Point, North Anna, Surry, and for the 
DOE. The analyst is qualified and experienced in this field, and the technical verifier has 
performed similar verifications for other plants, utilizing the applicable Scientech and 
Entergy Operations design review verification procedures for non-safety related 
calculations. In particular the document was reviewed with regard to the calculational 
model and accuracy/consistency of the calculated results.  

The analysis was then reviewed by the Entergy Operations' PSA staff, especially with 
regard to the modeling of the plant, consistency with the updated Level 1 and Level 2 
PSAs, the plant environment, and its operations.
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b. A breakdown of the population dose by leading contributors (e.g., functional 
sequences or release modes).  

The expected annual population dose risk by CET end point (Release Mode) contribution 
is given in the table below. These results are for the base case frequencies.  

Risk Contributors by Building Failure Time

CONTAINMENT POPULATION CONTRIBUTION 
FAILURE TIME* DOSE, (REM) (PERCENT) 

Late Building 0.1705 30.8% 
Failures (D,E) 
Early Building 0.1750 31.6% 
Failures (B,C) 

Containment Bypass 0.1948 35.2% 
(BY) 

No Vessel Failure - 0.0129 2.3% 
Early or Late Bldg 

Failure (A) 
(TOTALS) 0.5532 100.0%

*Note. The classification of failure times, shown in parentheses in the table, is according 
to the release mode spectrum grouping given at the top of page 4.9-6 of the IPE submittal.  

c. A discussion of why 1996 meteorological data was used, and justification why this 
can be considered a representative year.  

The most recent available acceptable set of hourly data from the site meteorological tower 
was for the year 1996. The site has not recorded precipitation data for several years. It 
was necessary to use the nearest available 1996 hourly precipitation data, recorded at a 
site 20 miles away at CLARKSVILLE 6 NE COOP STATION 03157 as obtained through 
the National Climatic Data Center of NOAA, to form a complete meteorological input file.  
Examination of yearly site data both subsequent and for several years prior showed 
significant gaps in recording hourly data.  

It is believed that the use of this weather data is satisfactory for the purposes of the 
SAMA analyses for the following reasons: 

The population density is relatively low near the plant in all directions. Significant 
populations primarily occur at distances of 50 or more miles away. This, together with 
the weather sampling scheme in MACCS2 tends to diminish the importance of 
year-to-year weather variations because of the expected low population dose. This is 
evidenced by the insensitivity of the results to evacuation and warning time variations.
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The SAMA analysis is concerned with differences; subtracting the SAMA effect from 
the base case effect, other things being equal. Because of this differential analysis, the 
effect of year-to-year weather variations on differential benefits is considered to be of 
second order importance, and is not expected to significantly effect the results.  

d. An explanation of: (1) how the risk results would change if population projections 
out to 2034 were used (versus 2025), and (2) how the transient population growth 
was determined for the license renewal period.  

(1) At the time of the analysis, year 2025 data was the furthest reliable projection 
available. It is the appropriate number to use as representing the midpoint in the time span 
of the nominal license renewal period. The midpoint value is used to represent the 
average of the population for the years covered by the extension. This average approach 
is traditionally used in these analyses. The next level of precision would be to prepare a 
population projection for each year of the renewal period and year-by-year time value the 
monetary representation of the population dose for that year back to the common 
beginning year. The result would be expected to be lower than that from using the 
midpoint value. This expectation is because of the general expectation that the rate of 
increase in population will continue to decrease in the future for states such as Arkansas.  

Use of the end period population (2034) is unnecessarily conservative and does not 
represent a best estimate approach.  

Nevertheless, for the purpose of discussion, assuming the same growth for the 10 years 
after 2025 as for the 10 years before would result in a population projection some four 
percent higher and so the results would be four percent larger. This would not change the 
conclusions of the SAMA analyses.  

(2) The transient populations, .65 to 10 miles, reported in the plant Emergency Plan were 
first updated to 1998 by multiplying each value by the ratio of the Arkansas state 
population in 1998 to the population in 1980. These were then added to the 1998 
non-transient populations in each sector. Subsequent projection to the year 2025 was then 
performed for the summed transient and non-transient population. This assumes in effect 
that the transient population in the vicinity grows in step with the overall state population.  
The transient populations for the years 1980, 1998, and 2025 are, respectively, 6901, 
7662, and 9221 persons.
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e. Justification why evacuation times based on a 1981 evacuation study would remain 
valid for 2025 and 2034 given the projected increase in population relative to 1981.  

The evacuation times were assumed to remain valid for the license period. The region is 
in part a recreation area and would be expected to be maintained as an attraction by the 
state, including the provision of continued adequate roads. The projected population 
increases are not significantly large. The evacuation sensitivity study (that assumed a 
decrease in warning and release in fraction times and 5% of the population were not able 
to evacuate) showed little effect of this factor, signifying that evacuation costs and 
exposures are not a large part of the accident effects.  

f. A discussion of the factors (other than smaller release mode frequencies) that 
contribute to significantly lower offsite economic costs at ANO-1 relative to other 
plants, such as those presented in Table 5.6 of NUREG/BR-0184, "Regulatory 
Analysis Technical Evaluation Handbook," January 1997. Please provide: (1) a 
description of the major inputs/assumptions for modeling the economic impacts 
listed in Appendix G.1.2, and (2) a listing of the MACCS input file (excluding 
weather data).  

The overall reasons for the low ANO-1 offsite economic costs are primarily the low 
population and the low CDF. The total projected year 2025 population is 327,418 people 
in the 50-mile radius zone around the plant. This can be compared with 50 mile zone 
populations on the order of several million for Calvert Cliffs, Surry, North Anna, and 
Turkey Point, for example. The base ANO-1 CDF is 1.02E-05/reactor-year. The Calvert 
Cliffs CDF reported in their SAMA analysis was 3.3E-4/reactor-year, for example.  

(1) A description of the inputs and assumptions for the MACCS2 modeling of the 
economic effects is given in the Level 3 report, referred to in the response to RAI 3(a). A 
summary of the economic data is given below. The economic model in the MACCS2 
code treats the following costs: 

" Daily food and lodging costs per person for short-term relocation of people who 
evacuate or relocate during the emergency phase of the accident (e.g., the first seven 
days after the accident), 

"* Decontamination costs for property that can be returned to use, 

" Economic losses incurred while property is temporarily interdicted so that a period of 
decay following maximum decontamination can reduce yearly doses to acceptable 
levels (e.g., 5.5 rem in eight years), and

* Economic losses from the permanent interdiction of property.
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The model divides economic costs into two groups, farm costs and non-farm costs. Farm 
costs are always calculated per hectare of farmland (worth of farmland and improvements 
per hectare, crop worth per hectare). Non-farm costs are always calculated per person 
(temporary and permanent relocation costs per person, tangible worth of non-farm 
property per person, decontamination costs of non-farm property per person), where 
non-farm property includes residential, commercial, and public land, improvements, 
equipment, and possessions.  

Land use statistics including farmland values, farm product values, dairy production, and 
growing season information were provided on a countywide basis within 50 miles.  

Economic consequences were estimated by summing the following costs: evacuation 
costs, temporary relocation costs (food, lodging, lost income), costs of decontaminating 
land and buildings, lost return-on-investments from properties that are temporarily 
interdicted to allow contamination to be decreased by decay of nuclides, the cost of 
repairing temporarily interdicted property, the value of crops destroyed or not grown 
because they were contaminated by direct deposition or would be contaminated by root 
uptake, and the value of farmland and of individual, public, and non-farm commercial 
property that is condemned. Costs associated with damage to the reactor, damage to 
water resources, the purchase of replacement power, medical care, life-shortening, and 
litigation are not calculated by MACCS2.
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The following table lists the values of economic parameters for ANO-1 used in MACCS2.  

ANO-1 MACCS2 Economic Parameter Values.  

Variable Units Value Definition 
DPRATE (per yr) 0.2 Property depreciation rate 
DSRATE (per yr) 0.12 Investment rate of return 
EVACST $/person- 37.50* Per diem living expenses for 

day owners of interdicted property 
POPCST $/person 6940* Relocation costs for owners of 

interdicted property 
RELCST $/person- 37.50* Per diem living expenses for 

day relocated population 
CDFRM $/hectare 781, Farmland decontamination costs 

1736* 
CDNFRM $/person 4165, Non-farmland decontamination 

11110* costs 
VALWF $/hectare 4489** Value of farm wealth in region 

(includes improvements 
belonging to both public and 
private sector) 

DLBCST $/man-year 48,600* Labor cost for decontamination 
worker 

VALWNF $/person $109,850** Per capita value of non-farm 
I__ Iwealth 

The values marked with asterisks (*) have been updated from the values quoted in the 
NUREG- 1150 Study [1: Chapter 5]. Most of the data presented therein were taken from 
the Statistical Abstract of the United States for 1988. A few figures were taken from 
Fortune (April 25, 1988) and Forbes (January 11, 1989; June 27, 1988) magazines 
updated using Consumer Price Indexes from the Bureau of Labor. A value for the CPI for 
1986 of 1.13 referred to 1.00 in 1982 was used. Reference [2] gives a 1996 CPI of 156.9 
referred to 1.00 in 1982-84. Therefore the unit costs from [1] have been multiplied by a 
factor of (156.9/113 = 1.389) to represent recent ANO area values.  

The single non-farm per capita wealth value (VALWNF**) has been calculated as the 
average of the (updated) values for the MACCS2 economic subregions in the 50 mile 
ANO-1 study zone (see next paragraph). The single per capita farm wealth value 
(VALWF**) has been calculated as the average of the (updated) values for the MACCS2 
economic subregions.
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"Regional" Economic Data 
MACCS2 uses a subdividing of the study region to calculate costs that are distance and 
direction dependent. Some of the economic data is input according to this subdivision 
into (sub)regions. Much of the regionwise data was first prepared by the computer 
program SECPOP90 (NUREG/CR-6525) using government data from circa 1990 for the 
ANO area. These SECPOP90 regional economic values were then updated to 1997 using 
CPI and other data from the Bureau of the Census.  

REFERENCES 

[1] J. L. Sprung, et al., Evaluation of Severe Accident Risks: Quantification of Major 
Input Parameters MACCS Input, NUREG/CR-4551, Vol. 2, Rev. 1, Part 7, 
Sandia National Laboratories, Albuquerque, NM, 1990.  

[2] U. S. Bureau of Labor, "Consumer Price Index-All Urban Consumers ", Series 
Catalog: Series ID: CUUR0300SAO, 1999.  

(2) The input files for MACCS2 that have been used to generate the severe accident 
consequence/risk results are as follows: 

ATMOS User Input File: 
This file provides the main input for the ATMOS calculation phase of MACCS2.  
ATMOS calculates the dispersion and deposition of material released to the atmosphere as 
a function of downwind distance. It utilizes a Gaussian plume model with Pasquill/Gifford 
dispersion parameters. The phenomena that ATMOS treats are (1) building wake effects, 
(2) buoyant plume rise, (3) plume dispersion during transport, (4) wet and dry deposition, 
and (5) radioactive decay and ingrowth. At the midpoint of each spatial interval along the 
transport path, air and ground concentrations for the radionuclides are calculated as well 
as miscellaneous information about plume size, height, and transport timing. These data 
are stored in common blocks that are used later by the EARLY and CHRONC modules of 
MACCS2.  

EARLY User Input File: 
This file provides the main input for the EARLY calculation phase of MACCS2. The 
EARLY module models the time period immediately following a radioactive release. This 
period is commonly referred to as the emergency phase. It may extend up to one week 
after the arrival of the first plume at any downwind spatial interval. The subsequent 
intermediate and long-term periods are treated by CHRONC. In the EARLY module the 
user may specify emergency response scenarios that include evacuation, sheltering, and 
dose-dependent relocation. The EARLY module has the capability for combining results 
from up to three different emergency response scenarios. This is accomplished by 
appending change records to the EARLY input file. The first emergency-response 
scenario is defined in the main body of the EARLY input file. Up to two additional 
emergency-response scenarios can be defined through change record sets positioned at the 
end of the file.
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CHRONC User Input File: 
This file provides the main input for the CHRONC calculation phase of MACCS2. The 
CHRONC module simulates the events that occur following the emergency-phase time 
period modeled by EARLY. Various long-term protective actions may be taken during 
this period to limit radiation doses to acceptable levels. CHRONC calculates the 
individual health effects that result from both (1) direct exposure to contaminated ground 
and from inhalation of resuspended materials as well as (2) indirect health effects caused 
by the consumption of contaminated food and water by individuals who could reside both 
on and off of the computational grid. CHRONC also calculates the economic costs of the 
long-term protective actions as well as the cost of the emergency response actions that 
were modeled in the EARLY module.  

Meteorological Data File: 
This is the weather data file with a year of hourly recordings for the site.  

Site Data File: 
The population distribution and land use information for the region surrounding the site 
are specified in the site data file. Contained in the site data file are the geometry data used 
for the site (spatial intervals and wind directions), population distribution, fraction of the 
area that is land, watershed data for the liquid pathways model, information on 
agricultural land use and growing seasons, and regional economic information. Some of 
the detailed data in this file supercedes certain data in the EARLY input file.  

7. To better understand the basis for the estimated reductions in core damage frequency 
and person-rem presented in Tables G.2-2 and G.2-3, please provide: (a) the analysis 
cases referred to in the "Basis for Conclusion" column of Table G.2-2, (b) a list or table 
summarizing the basic assumptions used in determining the delta CDF and delta 
person-rem estimates for each SAMA (see Table 7.5 in the Watts Bar analysis 
NUREG-0498, "Final Environmental Statement Related to the Operation of Watts Bar 
Nuclear Plant, Units 1 and 2," Supplement 1, April 1995), and (c) a mapping of 
accident sequences to plant damage states and plant damage states to release modes.  

In response to RAI 7(a), the following provides a description of each of the analysis cases 
used in the ANO-1 SAMA evaluation, describing how the cases were modeled.  

Case DCGOOD 
This analysis case was used to evaluate plant changes that would increase the availability of 
Class 1E direct current (DC) power (e.g., increased battery capacity or the installation of a 
diesel-powered generator that would effectively increase the battery capacity). For the 
purposes of the SAMA evaluation, a single bounding analysis was performed which assumed 
that the batteries were perfectly reliable and would have the capacity to last the full mission 
time modeled (24 hours). To represent this situation in the model, basic event probabilities
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representing battery failures were set to zero. This analysis case was used in evaluation of 
SAMAs 60, 61, 64, and 66.  

Case DGHVAC 
This analysis case was used to evaluate plant changes that would provide temporary 
ventilation after the permanently installed ventilation systems failed. The ANO-1 PSA 
identified one dependency on room cooling/ventilation, and this was associated with the 
emergency diesel generators (EDGs). To obtain a bounding estimate on the value of 
temporary ventilation at ANO-1, a sensitivity analysis was conducted in which the EDG 
dependence on HVAC was removed. This analysis case was used in evaluation of item 25.  

Case NO-A 
This analysis case was used to evaluate the change in the plant risk if the large LOCA 
initiating event frequency were reduced to zero. Item 156 suggested that plant 
instrumentation and logic be upgraded to improve the capability to identify 
symptoms/precursors of a large break LOCA (a leak before break). Although the proposed 
change would not be expected to reduce the large LOCA frequency to zero, the upper bound 
benefit of such a change was estimated by this sensitivity case in which the large LOCA 
initiating event frequency was set equal to zero.  

Case NO-LOSP 
This analysis case was used to evaluate the change in the plant risk if the loss of offsite power 
initiating event frequency were reduced to zero. A number of SAMAs focused on improving 
the reliability of the Class 1E power distribution system such that the loss of offsite 
power/station blackout CDF could be significantly reduced. At ANO- 1, a swing EDG capable 
of powering either alternating current (AC) bus has already been backfitted into the plant 
design and, as a result, loss of offsite power/station blackout is a minor contributor to CDF.  
Although none of the proposed changes would reduce the loss of offsite power frequency to 
zero, the upper bound benefit of such a change could be estimated by a sensitivity case with 
the loss of offsite power initiating event frequency set equal to zero. This evaluation is 
utilized to address SAMAs 63, 67, 70, 73, 74, 75, 76, 77, and 78.  

Case NOSGTR 
This analysis case was used to evaluate the change in the plant risk if the steam generator tube 
rupture initiating event frequency were reduced to zero. A number of the SAMAs focused on 
either reducing the frequency of tube ruptures or with improving the ability to mitigate a 
steam generator tube rupture event. None of the proposed changes would be expected to 
reduce the steam generator tube rupture CDF to zero. However, the upper bound benefit of 
the proposed changes could be estimated by a sensitivity case with the steam generator tube 
rupture initiating event frequency set equal to zero. This evaluation is utilized to address 
SAMAs 81, 82, 83, 84, 85, and 88.  

Case INSTAIRI 
This analysis case was used to evaluate the change in the plant risk if the air compressors were 
replaced with a more reliable compressor design. This proposed plant change is included as
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SAMA 140. The proposed change would not reduce the compressor failure probability or 
unavailability to zero. However, the upper bound benefit of this change could be estimated by 
a sensitivity case with the instrument air compressor failures set equal to zero.  

Case INSTAIR2 
This analysis case was used to evaluate the change in the plant risk that would result from 
providing the air compressors with power from a diesel driven power source during the 
unavailability of the normal electrical supply. This proposed plant change is included as 
SAMA 139. The maximum benefit of this proposed change was estimated by removing the 
electrical power dependency from the instrument air compressors.  

Case RCPLOCA 
This case was used to evaluate the change in the plant risk that would result if the reactor 
coolant pump (RCP) seal LOCA induced core damage sequences were either prevented or 
mitigated. The analysis included a number of proposed plant modifications that are designed 
to reduce the possibility of a RCP seal LOCA. The proposed modifications, SAMAs 10, 11, 
and 12, would each reduce the possibility of a RCP seal LOCA. The maximum benefit of any 
plant change aimed at reducing the RCP seal LOCA frequency can be evaluated by removing 
RCP seal LOCA events and requantifying the ANO-1 model, as done in this case.  

Case ISL 
This analysis case was used to evaluate the change in the plant risk if the interfacing systems 
LOCA frequency were reduced to zero. A number of SAMAs were designed to reduce the 
probability or consequences of an interfacing systems LOCA (ISLOCA) event. Specifically, 
items 89 and 92 through 98 of the analysis involve plant changes intended to reduce the 
probability or consequences of an ISLOCA event. The maximum benefit of any of these 
proposed changes can be estimated by reducing the ISLOCA frequency to zero and 
re-quantifying the model.  

Case NOSLB 
This analysis case was used to evaluate the change in the plant risk that would result if the 
main steamline break (SLB) initiating event frequency were reduced to zero. SAMA 155 
suggests using encapsulated piping to reduce the possibility of a SLB upstream of the main 
steam isolation valves (MSIVs). The maximum benefit of the proposed change can be 
bounded by the benefit resulting from reducing the main SLB initiating event frequency to 
zero. Since SLB and feedline breaks (FLB) are combined as a single initiator in the ANO-1 
PSA, this combined SLB/FLB initiator was set equal to zero for the purposes of this 
sensitivity run. This results in an extremely conservative bounding analysis.  

Case FW 
SAMA 107 suggests that the feedwater control system (FWCS) be upgraded to a digital 
system to reduce the frequency of plant trips initiated by a malfunction in the FWCS system.  
This analysis case was used to evaluate the change in the plant risk profile that would be 
achieved if the initiating event frequency for events initiated by feedwater failures (of which 
FWCS malfunctions would be a subset) were reduced to zero. The ANO-1 PSA has two
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initiating events that are primarily caused by MFW malfunctions. These are (1) loss of the 
power conversion system and (2) excessive feedwater flow. For this sensitivity analysis both 
the loss of power conversion system initiator and the excessive feedwater flow initiator were 
set to zero.  

Case ICWl 
This analysis case was used to evaluate the change in plant risk if the loss of intermediate 
cooling water (ICW) initiating event frequency were reduced to zero at ANO-1. SAMAs 1, 
3, 4, and 22 are suggestions for improving the reliability/availability of the ICW system to 
reduce the likelihood of a loss of ICW initiating event. These suggestions are primarily geared 
towards Westinghouse pressurized water reactors that have a susceptibility to loss of 
component cooling water (CCW), as it can potentially cause both a LOCA event and a failure 
of the emergency core cooling systems (ECCS) required to mitigate a LOCA event. At 
ANO-1, service water cools the ECCS/seal injection pumps; therefore loss of ICW will neither 
directly cause a LOCA event, nor result in failure of the ECCS pumps required to mitigate a 
LOCA. At ANO-1, the loss of ICW initiating event is a relatively minor contributor to the 
loss of power conversion initiator. An upper bound benefit, of any change directed at 
reducing the loss of ICW initiating event frequency to zero, can be obtained by considering 
the benefit of a plant change which reduces the loss of ICW initiating event frequency to zero.  

Case ICW2 
SAMA 15 suggests that the ICW system be provided with an additional pump to reduce the 
likelihood of a loss of ICW and improve the post accident availability of RCP seal cooling.  
This analysis case was used to evaluate the change in plant risk resulting if an additional ICW 
pump were available for post accident mitigation. (Any benefit from reduction of the loss of 
ICW initiating event frequency can be estimated from analysis case ICWl .) This case model 
was developed by modifying the fault tree model by adding the suggested pump to the fault 
tree.  

Case BREAKER 
SAMA 69 suggests that procedures be upgraded to facilitate the replacement/repair of failed 
circuit breakers. This analysis case was used to evaluate the change in the plant risk that 
would result if the class 1E bus feed and EDG output circuit breakers were assumed to be 
100% recoverable. This was modeled by changing the failure probability of the breakers to 
zero.  

Case SPURIOUS 
SAMA 57 suggests that additional training be provided to improve the capability of the 
operations staff to deal with spurious actuation events. This bounding analysis case was used 
to estimate the change in the plant risk if the core damage frequency from initiating events 
caused by spurious actuation were reduced to zero. The ANO-1 PSA includes two initiating 
events that are due to spurious actuation: (1) Spurious low RCS pressure, and (2) Spurious 
HPI actuation. Both of these event probabilities were set to zero for this sensitivity analysis.
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Case PDSRCD 
SAMAs 151 and 152 suggest that plant changes be considered which would improve the 
capability to depressurize the RCS following an initiating event. This analysis case evaluates 
the change in the ANO-1 risk that would result if ANO-1 had perfect depressurization 
capability. Perfect depressurization capability was simulated in this analysis case by setting the 
failure probabilities associated with the pilot-operated relief valve (PORV) to zero.  

Case PDSHPROA 
SAMAs 129 and 138 suggest that plant changes be considered which would improve the 
capability to achieve recirculation (either by automating the recirculation alignment, or by 
decreasing the human failure probability through increased training). This analysis case 
evaluates the change in the ANO-1 risk if the human error probability for properly attempting 
recirculation were reduced to zero. This is the same benefit that would be achieved if a 
perfectly reliable automatic initiation system were installed.  

Case PDSTDPDC 
SAMA 114 suggests that plant changes be considered which would provide the capability to 
maintain DC power to the EFW turbine driven pump during extended losses of AC power.  
Specifically, it suggests the installation of a portable generator that could provide control 
power for the turbine driven EFW pump. This analysis case evaluates the change in plant risk 
that would result from such a change. This enhancement was modeled by removing the DC 
power dependence from the turbine driven pump, simulating a perfectly reliable DC power 
supply for the pump.  

Case LOSWTOMU 
SAMA 7 suggests that plant changes be considered which would provide the capability for 
makeup pump operation subsequent to failure of normal cooling. (Specifically, SAMA 7 
suggests making the oil system independent of cooling through increasing its size.) This 
analysis case evaluates the change in the plant risk that would result from making the makeup 
pumps independent of cooling. The benefit of this SAMA was modeled by removing the 
cooling water dependence from makeup within the model.  

In response to RAI 7(b), the following table (similar to Table 7.5 in the Watts Bar analysis 
NUREG-0498, "Final Environmental Statement Related to the Operation of Watts Bar 
Nuclear Plant, Units 1 and 2," Supplement 1, April 1995) provides the approach for 
determining the estimated risk reduction for those candidate design improvements that were 
not screened from the analysis.
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Summary of ANO- I's Assessment of Risk Reduction for Candidate Design Immrovements
SAMA Potential ANO-1 Design Modification ANO-1 's Basis for Estimating Risk Reduction 

Number 
1 Cap downstream piping of normally closed Loss of ICW is included as part of the Loss of Power Conversion System initiating 

ICW drain and vent valves event Eliminate all contribution of this initiating event from the model.  

3 Enhance Loss of ICW procedure to present Loss of ICW is included as part of the Loss of Power Conversion System initiating 
desirability of cooling down RCS prior to event. Eliminate all contribution of this initiating event from the model.  
seal LOCA 

4 Additional training on the Loss of ICW Loss of ICW is included as part of the Loss of Power Conversion System initiating 
event. Eliminate all contribution of this initiating event from the model.  

7 Increase makeup pump lube oil capacity Eliminate all dependence of MU pumps on SW from the model.  

9 Provide additional SW pump Reduce the CDF due to SW failures to zero.  

10 Create an independent RCP seal injection Eliminate all RCP seal LOCAs from the model.  
system, with dedicated diesel 

11 Create an independent RCP seal injection Eliminate all RCP seal LOCAs from the model.  
system, without dedicated diesel 

12 Use existing hydro test pump for RCP seal Eliminate all RCP seal LOCAs from the model.  
injection 

15 Add a third ICW pump Determine the benefit of adding an additional pump in parallel with the existing "B" 
pump by adding a pump to the model.  

16 Prevent makeup pump flow diversion from Eliminate diversion path from the model.  
the relief valves 

18 Procedures to stagger HPI pump use after a Determine the contribution of increasing the time to restore SW to the contribution of 
loss of SW SW failures to CDF.  

20 Procedural guidance for use of cross-tied Determine the contribution of reduced operator enror in failure to secure a RCP 
ICW or SW pumps following loss of SW to the contribution of SW failures to CDF.  

21 Procedure & training enhancements in Determine the contribution of reduced operator ernor in failure to secure a RCP 
support system failure sequences following loss of SW to the contribution of SW failures to CDF.  

22 Improve ability to cool RHR heat Loss of ICW is included as part of the Loss of Power Conversion System initiating 
exchangers event Eliminate all contribution of this initiating event from the model.  

25 Procedures for temporary HVAC Eiminate the diesel generator dependency on HVAC from the model.  

31 Develop an enhanced drywell spray system Eliminate offsite releases from the model.  

32 Provide a dedicated existing drywell spray Eliminate offsite releases from the model.  
system 

34 Install a filtered containment vent to Eliminate offsite releases from the model.  
remove decay heat 

35 Install an unfiltered hardened containment Eliminate offsite releases from the model.  
vent 

36 Create/enhance hydrogen ignitors with Eliminate offsite releases from the model.  
independent power supply.  

37 Create a passive hydrogen ignition system Eliminate offsite releases from the model.  

38 Create a giant concrete crucible with heat Eliminate offsite releases from the model.  
removal potential under the basemat to 
contain molten debris
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SAMA Potential ANO-1 Design Modification ANO-1 's Basis for Estimating Risk Reduction 
Number 

39 Create a water cooled rubble bed on the Eliminate offsite releases from the model.  
pedestal 

41 Enhance fire protection system and/or Eliminate offsite releases from the model.  
standby gas treatment system hardware and 
procedures 

42 Create a reactor cavity flooding system Eliminate offsite releases from the model.  

43.2 Creating other options for reactor cavity Eliminate offsite releases from the model.  
flooding 
(Part b) 

45 Provide a core debris control system Eliminate offsite releases from the model.  

46 Create a core melt source reduction system Eliminate offsite releases from the model.  
(COMSORS) 

47 Provide containment inerting capability Eliminate offsite releases from the model.  

48 Use fire water spray pump for containment Eliminate offsite releases from the model.  
spray 

49 Install a passive containment spray system Eliminate offsite releases from the model.  

51 Increase containment design pressure Eliminate offsite releases from the model.  

52 Increase the depth of the concrete basemat, Eliminate offsite releases from the model.  
or use an alternative concrete material to 
ensure melt through does not occur 

53 Provide a reactor vessel exterior cooling Eliminate offsite releases from the model.  
system.  

54 Create another building, maintained at a Eliminate offsite releases from the model.  
vacuum to be connected to containment 

55 Add ribbing to the containment shell Compare with MAB. Cost prohibitive.  

56 Reactor Building Liner Protective Barrier Eliminate offsite releases from the model.  

57 Train operations crew for response to Eliminate all spurious SI and low pressurizer pressure signals from the model.  
inadvertent actuation signals 

60 Provide additional DC battery capability Assume the batteries to have a 24 hour capacity.  

61 Use fuel cells instead of lead-acid batteries Assume the batteries to have a 24 hour capacity.  

63 Improved bus cross tie ability Eliminate all Losses of Offsite Power from the model.  

64 Alternate battery charging capability Assume the batteries to have a 24 hour capacity.  

66 Replace batteries Assume the batteries to have a 24 hour capacity.  

67 Create AC power cross tie capability across Eliminate all Losses of Offsite Power from the model.  
units at a multi-unit site 

69 Develop procedures to repair or change out Remove all bus infeed, cross-tie, and diesel generator output breakers from the 
failed 4KV breakers model.  

70 Emphasize steps in recovery of offsite Eliminate all Losses of Offsite Power from the model.  
power after a SBO.  

73 Install gas turbine generators Eliminate all Losses of Offsite Power from the model.
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SAMA Potential ANO-I Design Modification ANO-1 's Basis for Estimating Risk Reduction 
Number 

74 Install tornado protection on gas turbine Eliminate all Losses of Offsite Power from the model.  
generator 

75 Create a river water backup for diesel Eliminate all Losses of Offsite Power from the model.  
cooling.  

76 Use firewater as a backup for diesel Eliminate all Losses of Offsite Power from the model.  
cooling 

77 Provide a connection to alternate offsite Eliminate all Losses of Offsite Power from the model.  
power source 

78 Implement underground offsite power lines Eliminate all Losses of Offsite Power from the model.  

81 Install a redundant spray system to Eliminate all SGTR from the model.  
depressurize the primary system during a 
SGTRI 

82 Improved SGTR coping abilities Eliminate all SGTR from the model.  

83 Adding other SGTR coping features. Eliminate all SGTR from the model.  
Options: 
A) SG shell-side HR System.  
B) System to return SG RV disch to 
Containment.  
C) Increase psr capacity of SG shell side 

84 Increase secondary side pressure capacity Eliminate all SGTR from the model.  
such that a SGTR would not cause the 
relief valves to lift 

85 Replace steam generators with new design Eliminate all SGTR from the model.  

87 Direct steam generator flooding after a Eliminate all SGTR from the model.  
SGTR, prior to core damage.  

88 A maintenance practice that inspects 100% Eliminate all SGTR from the model.  
of the tubes in a steam generator 

89 Locate RHR inside of containment Reduce the ISLOCA frequency to zero.  

90 Self-actuating containment isolation valves Eliminate offsite releases from the model.  

92 Increase frequency of valve leak testing Reduce the ISLOCA frequency to zero. Estimate the fraction of this total reduction 
that would be gained from increased testing.  

93 Improvement of operator training on Reduce the ISLOCA frequency to zero.  
ISLOCA coping 

94 Install relief valves in the ICW system Reduce the ISLOCA frequency to zero. Estimate the fraction of this total reduction 
that would be gained from relief valve installation.  

95 Provide leak testing of valves in ISLOCA Reduce the ISLOCA frequency to zero.  
paths 

96 Revise EOPs to improve ISLOCA Reduce the ISLOCA frequency to zero.  
identification 

97 Ensure all ISLOCA releases are scrubbed Reduce the ISLOCA frequency to zero.  

98 Add redundant and diverse limit switch to Eliminate offsite releases from the model.  
each containment isolation valve.
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SAMA Potential ANO-1 Design Modification ANO-I's Basis for Estimating Risk Reduction 
Number 

107 Digital feedwater upgrade Eliminate all feedwater initiators from the model.  

114 Provide portable generators to be hooked in Remove the DC dependence from the TDP.  
to the turbine driven EFW, after battery 
depletion 

115 Add a motor train of EFW to the steam Compare with MAB. Cost prohibitive.  
trains.  

121 Create passive secondary side coolers Compare with MAB. Cost prohibitive.  

124 Provide an additional high pressure Compare with MAB. Cost prohibitive.  
injection pump with independent diesel 

125 Install independent AC high pressure Compare with MAB. Cost prohibitive.  
injection system 

129 Emphasize timely recirc swapover in Consider the human action to properly align recirculation to be perfect.  
operator training 

138 Create automatic swapover to recirculation Consider the human action to properly align recirculation to be perfect.  
on BWST depletion 

139 Modify EOPs for ability to align diesel Remove all power dependencies/support from the air compressors.  
power to more air compressors.  

140 Replace old air compressors with more Assume perfectly reliable air compressors.  
reliable ones.  

142 Install MG set trip breakers in control Eliminate ATWS contribution to CDF from the model.  
room 

143 Add capability to remove power from the Eliminate ATWS contribution to CDF from the model.  
bus powering the control rods 

147 A system of relief valves that prevents any Eliminate ATWS contribution to CDF from the model.  
equipment damage from a pressure spike 
during an ATWS 

148 Create a boron injection system to back up Eliminate ATWS contribution to CDF from the model.  
the mechanical control rods.  

149 Provide an additional I&C system (e.g., Eliminate ATWS contribution to CDF from the model.  
AMSAC).  

151 Create/enhance reactor coolant system Eliminate failure to depressurize from the model.  
depressurization ability 

152 Make procedural changes only for the RCS Eliminate failure to depressurize from the model.  
depressurization option 

155 Secondary side guard pipes up to the Eliminate all steam/feedwater line breaks from the model.  
MSIVs.  

156 Digital large break LOCA protection Eliminate all Large Break LOCA initiators from the model.  

157 Increase seismic capacity of the plant to a Compare with MAB. Cost prohibitive.  
HCLPF of twice the SSE
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In response to RAI 7(c), the subsequent figures and tables define the mapping of accident sequences to release categories.  
Mapping of Sequences to Core Damage Bins 

FUNCTIONAL EVENT TREES 
Transient Reactor Primary RCS RCS HPI Core Sequence 
Initiator Trip Secondary Integrity Integrity Cooling Damage Bin Description 

Heat (Small (Medium 
Removal Break) Break) 

T K B QS QM F 

NCM T 

@QO1B M1 TQmU/TQmX 

@QOA Si TQsU/TQsX 

S2 TBX 
T @3B01 

@FO1 CM III TBF 

K TWS TK 

ANO-1 Transient Event Tree
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FUNCTIONAL EVENT TREES (co at.) 
Small Break LOCA Reactor Trip Primary Adequate High Pressure Core Sequence 

Secondary Primary System Recirculation Damage Bin Description 
Heat Transfer Inventory 

S K B U X 

NCM S 

@XS01 CM II/V SX/TQsX 
S1I FROM 
TRANS 

1-1001 CM I SU/TQsU 

NCM SB 
S2 FROM 
TRANS.  

@XS01 CM II/IV SBX/TBX 
S@B01 

H001 CM I SBU 

K TWS SK 

ANO- 1 Small Break LOCA Event Tree
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FUNCTIONAL EVENT TREES (cont.) 
Medium Break LOCA Reactor Trip Adequate Primary High Pressure Core Sequence 

System Inventory Recirculation Damage Bin Description 

M K U X 

NCM M 

@XM01 CM II/IV MX/TQmX 
MI FROM TRANS.  

H001 CM I MU/TQmU 
M 

K TWS MK 

ANO- 1 Medium Break LOCA Event Tree
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FUNCTIONAL EVENT TREES (ccnt.) 
Large Break LOCA Adequate Primary Low Pressure Core Sequence 

System Inventory Recirculation Damage Bin Description 

A U X 

NCM A 

XA01 CM VI AX 

A 

UA01 CM V AU 

ANO- 1 Large Break LOCA Event Tree
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FUNCTIONAL EVENT TREES (cont.) 
Steam Reactor Primary Adequate HPI Long term Core Sequence 

Generator Trip Secondary Primary Cooling SG isol./ Damage Description 
Tube Heat System heat Bin 

Rupture Removal Inventory removal 

R K B U F T_ X 

NCM R 

XR01 CM IIR RX 

UR01 CM IR RU 

NCM RB 

XRB9 CM IIR RBX 

FRO 1 CM IR RBF 
R BR01 

H001 CM IR RBU 

K TWS RK 

ANO-1 SG Tube Rupture Event Tree
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Core Damage Bin Descriptions 
Core Damage Bin Front Line Sequence Characteristic 
I Reactor Coolant System (RCS) pressure and 

leakage rates associated with small-break 
LOCAs, with early melting of the core (e.g., 
within about 2 hours after the break occurs) 

IR Similar to Bin I, except release after the steam 
generator 

II RCS Pressure and leakage rates associated with 
small-break LOCAs, with later melting of the 
core (e.g., during recirculation) 

IIR Similar to Bin II, except release path after the 
steam generator.  

III High RCS pressure and leakage rates 
associated with boil-off of the reactor coolant 
through cycling pressurizer relief valves, with 
early core melting (within about 2 hours).  

IV High RCS pressure and leakage rates 
associated with boil-off of the reactor through 
cycling relief valves with late melting of the 
core.  

V Large rates of leakage from the RCS and low 
pressures associated with large break LOCAs 
and failure of coolant injection, with CFTs 
available resulting in early melting of the core.  

VI Large-break LOCA conditions with failure of 
coolant recirculation and late melting.  

VII Similar to V except no CFTs are available 
resulting in very early melting.  

SBO Station Blackout (SBO) or SBO-like accidents.  
CB Accidents which involve containment bypass 

events.  
CF Accidents which involve containment failure.
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Containment Fan Containment Sprays Likely Cavity 
Safegaurds Coolers Condition 
Bin 

A On Available in Injection and Recirculation modes; Wet 
actuated prior to vessel breach.  

B On Available in Injection only; actuated prior to vessel Wet 
breach.  

C On Available in Injection and Recirculation modes; not Dry 
actuated prior to vessel breach.  

D On Available in Injection and Recirculation modes; not Dry 
actuated prior to vessel breach.  

E On Not available. Dry 
F Failed Available in Injection and Recirculation modes; Wet 

actuated prior to vessel breach.  
G Failed Available in Injection only; actuated prior to vessel Wet 

breach.  
H Failed Available in Injection and Recirculation modes; not Dry 

actuated prior to vessel breach.  
J Failed Available in Injection and Recirculation modes; not Dry 

actuated prior to vessel breach.  

K Failed Not available. Dry 

Containment Isolation Status 
Symbol Definition 
i Isolated 
u Unisolated

CONTAINMENT SYSTEMS STATUS
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Mapping of Sequences to PDSs to Collapsed PDSs

LEVEL-i CORE DAMAGE PDSs COLLAPSED PDS 
SEQUENCES 

SUALL, TQUALL ICi ICi 
TQUYi, SUYi IEi IEi 
SUGi, TQUGi 1HE, VFi, IJi IHi 
TQUYiGJ, SUYiGJ IKu, ICu, IEu, VEu, IKu 

VAu 
TQXALL, SXALL IICi IICi 
TQXJi, SXJi IICu, VIAu, VIBu, IICu 

IIDu 
TQUYiG, SUYiG IKi IKi 
SXYi, TQXYi, SXYr, TQXYr IIEi, VIEi IIEi 
TQXGi, SXGi IIFi, VIFi IIFi 
TQXYrG, SXYGr IIGi, VIGi, IIMi IlGi 
TBFALL JIICi IIICi 
TBFYr IIIDi, IDi IIIDi 
TBFYi IIlEi IIIEi 
TBFGi ILIHi, IIIJi IIIHi 
TBFYiG IIlKi IIIKi 
TBXALL IVCi IVCi 
TBXJi IVCu, IVDu, IVEu, IVCu 

IVHu 
TBXYi, TBXYr IVEi IVEi 
TBXGi IVFi IVFi 
TBXYrG IVGi, IVKi IVGi 
AUALL VAi VAi 
AUYi VEi, VBi VEi 
AUYiG VKi VKi 
AXALL VIAl VIAl 
AXYr VIBi VIBi 
RBFREC, RBUREC, RBXREC, CB SGTR 
RUREC, RXREC 
SBOi SBOi SBOi 
SBOu SBOu, IIIKu, IIIEu, SBOu 

_IIICu 

Mapping of Collapsed PDSs to Release Modes 
Table 4.6-2 of the ANO-1 IPE provides the fractional contribution of each collapsed PDS 
to each release category, thus "mapping" the collapsed PDSs to the release category
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8. Uncertainties in the PSA, risk reduction estimates, and cost estimates all 

contribute to uncertainties in the value-impact analyses for each SAMA. Factors 
of three to five are common for the Level 1 PSA alone. Uncertainties in these 
ranges could potentially make a number of SAMAs cost-beneficial. Please 
justify why uncertainties were not considered in the value-impact analysis, and 
explain the influence that uncertainties could have on the results of the SAMA 
analysis, including SAMA screening and dispositioning, if the impact of 
uncertainties was explicitly accounted for in the analysis.  

Uncertainty was not propagated through the models in developing the results of the 
SAMA analyses. However, as discussed below, uncertainty in the model results was 
implicitly considered in the large margins-to-action provided in the analyses. The 
bounding analysis method of determination of benefit reduces the impact of 
uncertainty on the decisions made. The description of each of the analysis cases is 
provided in the response to question 7(a). It can be seen from these descriptions that 
the analyses (except Case ICW2) are bounding evaluations. Case ICW2 considered 
the addition of a subsystem, but was insignificantly beneficial. In the other analysis 
cases, the impact of the maximum possible benefit was considered; that is, the SAMA 
was assumed to completely eliminate the sequences that the specific enhancement was 
intended to address. As a result, the benefits are expected to be generally 
over-estimated and conservative.  

Most of the analysis cases resulted in benefits that are so small that it is obvious that 
the cost would greatly exceed the benefit. Plant staff judgement was applied to make 
this comparison. In the event that any SAMA benefit approached the expected cost, 
detailed cost estimating was to be incorporated, however this situation did not arise.  

A value of $30,000 was used as a minimum cost to perform and implement a 
procedure modification for those potential enhancements that were associated with 
human actions. One potential enhancement was considered to be marginally 
cost-beneficial based on this criterion and was addressed in the submittal.  

The following analysis cases yielded the largest potential benefits. Additional 
discussion is provided: 

Analysis Case NO-A: 
Calculated potential benefit: $43600 
Bounded SAMAs: 

SAMA 156 - Digital large break LOCA protection. This SAMA would 
upgrade plant instrumentation/logic to improve the capability to identify 
symptoms/ precursors of a large break LOCA (detection of 
leak-before-break situation).  
Additional discussion: 
* ANO-1 used a conservative value for the large LOCA initiating event 

frequency, in comparison with values presented in NUREG/CR-5750.
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Removal of this conservatism would further lower this benefit. The 
expected cost to incorporate this hardware modification is expected to 
greatly exceed the calculated benefit.  

Analysis Case RDSHPROA: 
Calculated potential benefit: $47200 
Bounded SAMAs: 

SAMA 129 - Emphasize timely recirculation swapover in operator training.  
This SAMA would reduce human error probability associated with 
recirculation failure.  
Additional discussion: 
"* Considered to be marginally cost beneficial in the submittal but not 

relevant to the license renewal issue.  
"* ANO-1 used a conservative value for the large LOCA initiating event 

frequency, in comparison with values presented in NUREG/CR-5750.  
Removal of this conservatism would reduce the benefit of this SAMA 
to a level at which this item may not be even marginally cost effective.  

SAMA 138 - Create automatic swapover to recirculation on BWST 
depletion. This SAMA would remove the human error contribution from 
recirculation failure.  
Additional discussion: 
"* The estimated cost of this enhancement at another plant is $450k.  
"* ANO-1 used a conservative value for the large LOCA initiating event 

frequency, in comparison with values presented in NUREG/CR-5750.  
Removal of this conservatism would further lower this benefit. The 
expected cost to incorporate this hardware modification is expected to 
greatly exceed the calculated benefit.  

Analysis Case RCPLOCA: 
Calculated potential benefit: $33400 
Bounded SAMAs: 

SAMA 10 - Create an independent RCP seal injection system, with 
dedicated EDG. This SAMA would add redundancy to RCP seal cooling 
alternatives, reducing CDF from loss of CCW and service water or from 
station blackout.  
Additional discussion: 
* The actual cost to implement this change would be far in excess of the 

calculated benefit.  

SAMA 11 - Create an independent RCP seal injection system, without 
dedicated EDG. This SAMA would add redundancy to RCP seal cooling 
alternatives, reducing CDF from loss of CCW and service water, but not 
from station blackout.
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Additional discussion: 
* The actual cost to implement this change would be far in excess of the 

calculated benefit, although less costly than the modification suggested 
by SAMA 10.  

SAMA 12 - Use existing hydro test pump for RCP seal injection. This 
SAMA would provide an independent seal injection source, without the 
cost of a new system.  
Additional discussion: 
* The actual cost to implement this change would be lower than the 

previous two, although hardware modifications are still required, but 
the actual benefit would be significantly lower due to the human actions 
required to locate the non-dedicated pump and install it during a severe 
accident.  

Additional information about RCP seal LOCA related SAMAs: 
ANO-1 reactor coolant pumps use N9000 seals that are not prone to 
failure as are some other types of RCP seals. Therefore, although SAMAs 
associated with RCP seal failures were included in this analysis for 
conservatism, they are not actually applicable to ANO- 1.  

Analysis Case LOSWTOMU: 
Calculated potential benefit: $32500 
Bounded SAMAs: 

SAMA 7 - Increase makeup pump lube oil capacity. This item would 
lengthen time before makeup pump failure caused by lube oil overheating in 
loss of service water sequences.  
Additional discussion: 
"* Implementation cost would be expected to greatly exceed the threshold 

value due to the potential structural modifications required.  
"* The total benefit would be reduced due to the increase in fire risk 

associated with increasing the amount of oil stored in the building.  

An additional level of investigation of uncertainty was performed using sensitivity 
calculations to evaluate the impact of several uncertain variables. The following 
paragraphs describe these sensitivities and summarize the results: 

Discount Rate: 
* The discount rate used in the analysis is very conservative. Entergy Operations 

believes that a discount rate of 15% is more realistic. The effect of using a 
conservative discount rate is that the benefit of each of the cases is artificially 
inflated. Using a realistic discount rate drastically reduces the benefit of the 
potential enhancements and further separates the expected benefit from the 
expected cost.
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* Entergy Operations also included the results of assuming a discount rate of 3% in 
Attachment G, Table G.2-3. The conclusions did not change using this low 
discount rate.  

Level 3 Assumptions: 
"* The effect of changing the evacuation scenario such that only 95% of the 

population actually evacuated resulted in less than a one percent change in the 
risks, which is not considered significant.  

"* The effect of decreasing the warning and release initiation times by two hours 
resulted in less than a one percent change in the risks, which is not considered 
significant.  

Benefit Calculation Assumptions: 
"* Variation of short-term occupational exposure to the high estimate provided in 

NUREG-0184 changed the analysis case result having the highest benefit by only 
1.9%. This small variation in the benefit calculations would not impact the 
conclusions.  

"* Variation of long-term occupational exposure to the high estimate provided in 
NUREG-0184 changed the analysis case result having the highest benefit by only 
1.3%. This small variation in the benefit calculations would not impact the 
conclusions.  

Conclusion: 
The results of this analysis are sufficiently robust to support the decisions made 
concerning the identified SAMAs despite the fact that there is uncertainty in PSA 
analyses.
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9. The maximum attainable benefit of $145K is not consistent with NRC guidance 
for regulatory analysis in that it omits replacement power costs. These costs 
typically amount to about $100K per year. These costs should be included as a 
basic element of the averted onsite costs and should be considered before making 
adjustments for missing external events or uncertainty considerations as 
indicated above. Please reconsider the SAMA screening analysis and provide a 
revised version of Tables G.2-2 and G.2-3, considering replacement power costs 
within the baseline, and the potential impacts of uncertainties.  

It is Entergy Operations' opinion that there is a technical as well as a legal basis for 
excluding the replacement power cost as part of the Averted Onsite Cost (AOSC).  
See letter Calvert Cliffs Nuclear Power Plant Unit 1 and 2; Docket Nos. 50-317 and 
50-318, "Response to Request for Additional Information for review of the Calvert 
Cliffs Nuclear Power Plant, Unit 1 & 2, License Renewal Application, Severe 
Accident Mitigative Alternatives, and Errata, (TAC Nos. MA1524 and MA1525)", 
dated December 3, 1998.  

The replacement power costs were not included in the base case benefit analysis for 
potential SAMAs. However, in order to meet the current expectations that the 
analysis include replacement power costs for consideration of the benefits, the ANO-1 
submittal included replacement power costs, and those costs are reflected in Table 
G.2-3 as a sensitivity on the baseline calculations.  

In response to a request by the NRC staff, Entergy Operations is providing the 
following set of sensitivity analyses based upon changing the basis for the sensitivities 
to include the cost of replacement power. In the following table, the "base" analysis 
includes the cost of replacement power and each of the other sensitivities is based 
upon the stated change from this hypothetical baseline. This table is provided for 
information only and does not represent a change to the position stated above nor in 
the conclusions provided in the submittal.
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Replacement Power Sensitivity Analysis
SAMA Number Potential Improvement Benefit Estimated Cost Benefit Benefit Benefit 

(Bounding) (External Events (Repair/ (3% Discount Rate 
Sensitivity) Refurbishment Sensitivity) 
(Bounding) Sensitivity) (Bounding) 

(Bounding) 
{Including 

(Including Replacement Power {Including {Including 
Replacement Cost} Replacement Power Replacement Power 
Power Cost) Cost) Cost) 

1 Cap downstream piping ofnormally <$6.6K >2 x Benefit <$13.2K <$7.1K <$11.7K 
closed ICW drain and vent valves 

3 Enhance Loss of ICW procedure to <$6.6K >2 x Benefit <$13.2K <$7. 1K <$11.7K 
present desirability of cooling down 
RCS prior to seal LOCA 

4 Additional training on the Loss of <$6.6K >2 x Benefit <$13.2K <$7.1K <$11.7K 
ICW 

7 Increase makeup pump lube oil <$50.9K >2 x Benefit <$101.8K <$54.6K <$89.4K 

capacity 

9 Provide additional SW pump <$61.2K >2 x Benefit <$122.3 <$65.6K <$107.2 

10 Create an independent RCP seal <$52.5K >2 x Benefit <$105K <$56.3K <$92.3K 
injection system, with dedicated 
diesel 

11 Create an independent RCP seal <$52.5K >2 x Benefit <$105K <$56.3K <$92.3K 
injection system, without dedicated 
diesel 

12 Use existing hydro test pump for <$52.5K >2 x Benefit <$105K <$56.3K <$92.3K 
RCP seal injection 

15 Add a third ICW pump <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 

16 Prevent makeup pump flow <$1.2K >2 x Benefit <$2.4K <$1.3K <$2K 
diversion from the relief valves 

18 Procedures to stagger HPI pump use <$12.3K >2 x Benefit <$24.6K <$13.2K <$21.5K 
after a loss of SW 

20 Procedural guidance for use of <$6.2K >2 x Benefit <$12.3K <$6.6K <$10.8K 
cross-tied ICW or SW pumps 

21 Procedure & training enhancements <$6.2K >2 x Benefit <$12.3K <$6.6K <$10.8K 
in support system failure sequences 

22 Improve ability to cool RHR heat <$6.6K >2 x Benefit <$13.2K <$7.1K <$11.7K 
exchangers 

25 Procedures for temporary HVAC <$0.3K >2 x Benefit <50.6K <$0.3K <SOAK 

31 Develop an enhanced drywell spray <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
system 

32 Provide a dedicated existing drywell <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
spray system 

34 Install a filtered containment vent to <$22.2K >2 x Benefit <$44.4K <S22.2K <$31.1K 
remove decay heat 

35 Install an unfiltered hardened <$22.2K >2 x Benefit <544.4K <$22.2K <$31.1K 
containment vent
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SAMA Number Potential Improvement Benefit Estimated Cost Benefit Benefit Benefit 
(Bounding) (External Events (Repair/ (3% Discount Rate 

Sensitivity) Refurbishment Sensitivity) 
(Bounding) Sensitivity) (Bounding) 

(Bounding) 
{Including 

{Including Replacement Power {Including (Including 
Replacement Cost) Replacement Power Replacement Power 
Power Cost) Cost) Cost) 

36 Create/enhance hydrogen ignitors <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
with independent power supply.  

37 Create a passive hydrogen ignition <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
system 

38 Create a giant concrete crucible with <$22.2K >2 x Benefit <S44.4K <$22.2K <$31.1K 
heat removal potential under the 
basemat to contain molten debris 

39 Create a water cooled rubble bed on <$22.2K >2 x Benefit <844.4K <$22.2K <S31.1K 
the pedestal 

41 Enhance fire protection system <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
and/or standby gas treatment system 
hardware and procedures 

42 Create a reactor cavity flooding <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
system 

43.2 Creating other options for reactor <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
cavity flooding 
(Part b) 

45 Provide a core debris control system <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 

46 Create a core melt source reduction <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
system (COMSORS) 

47 Provide containment inerting <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.IK 
capability 

48 Use fire water spray pump for <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
containment spray 

49 Install a passive containment spray <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
system 

51 Increase containment design <$22.2K >2 x Benefit <$44.4K <$22.2K <$3 1.IK 
pressure 

52 Increase the depth of the concrete <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
basemat, or use an alternative 
concrete material to ensure melt 
through does not occur 

53 Provide a reactor vessel exterior <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
cooling system.  

54 Create another building, maintained <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.IK 
at a vacuum to be connected to 
containment 

55 Add ribbing to the containment shell <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 

56 Reactor Building Liner Protective <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
Barrier
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SAMA Number Potential Improvement Benefit Estimated Cost Benefit Benefit Benefit 
(Bounding) (External Events (Repair/ (3% Discount Rate 

Sensitivity) Refurbishment Sensitivity) 
(Bounding) Sensitivity) (Bounding) 

(Bounding) 
(Including 

{Including Replacement Power (Including (Including 
Replacement Cost) Replacement Power Replacement Power 
Power Cost) Cost) Cost) 

57 Train operations crew for response <$2.4K >2 x Benefit <$4.8K <$2.6K <$4.3K 
to inadvertent actuation signals 

60 Provide additional DC battery <$10.3K >2 x Benefit <$20.6K <$10.9K <$17.4K 
capability 

61 Use fuel cells instead of lead-acid <$10.3K >2 x Benefit <$20.6K <$10.9K <$17.4K 
batteries 

63 Improved bus cross tie ability <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 

64 Alternate battery charging capability <$10.3K >2 x Benefit <$20.6K <$10.9K <$17.4K 

66 Replace batteries <$10.3K >2 x Benefit <$20.6K <<$10.9K <$17.4K 

67 Create AC power cross tie capability <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 
across units at a multi-unit site 

69 Develop procedures to repair or <$1.4k >2 x Benefit <$2.8K <$1.4k <$2.3K 
change out failed 4KV breakers 

70 Emphasize steps in recovery of <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 
offsite power after a SBO.  

73 Install gas turbine generators <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 

74 Install tornado protection on gas <$1.4K >2 x Benefit <S2.8K <$1.5K <$2.3K 
turbine generator 

75 Create a river water backup for <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 
diesel cooling.  

76 Use firewater as a backup for diesel <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 
cooling 

77 Provide a connection to alternate <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 
offsite power source 

78 Implement underground offsite <$1.4K >2 x Benefit <$2.8K <$1.5K <$2.3K 
power lines 

81 Install a redundant spray system to <$13.3K >2 x Benefit <$26.6K <$13.8K <$21.IK 
depressurize the primary system 
during a SGTR.  

82 Improved SGTR coping abilities <$13.3K >2 x Benefit <$26.6K <$13.8K <$21.1K 

83 Adding other SGTR coping features. <$13.3K >2 x Benefit <$26.6K <$13.8K <$21.1K 
Options: 
A) SG shell-side HR System.  
B) System to return SG RV disch to 
Containment.  
C) Increase psr capacity of SG shell 
side
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SAMA Number Potential Improvement Benefit Estimated Cost Benefit Benefit Benefit 
(Bounding) (External Events (Repair/ (3% Discount Rate 

Sensitivity) Refuirbishment Sensitivity) 
(Bounding) Sensitivity) (Bounding) 

(Bounding) 
{Including 

(Including Replacement Power (Including {Including 
Replacement Cost) Replacement Power Replacement Power 
Power Cost) Cost) Cost} 

84 Increase secondary side pressure <$13.3K >2 x Benefit <$26.6K <S13.8K <$21.IK 
capacity such that a SGTR would 
not cause the relief valves to lift 

85 Replace steam generators with new <$13.3K >2 x Benefit <$26.6K <$13.8K <$21.1K 
design 

87 Direct steam generator flooding after <$13.3K >2 x Benefit <$26.6K <$13.8K <$21.1K 
a SGTR, prior to core damage.  

88 A maintenance practice that inspects <$13.3K >2 x Benefit <$26.6K <$13.8K <$21.1K 
100% of the tubes in a steam 
generator 

89 Locate RHR inside of containment <S2.0K >2 x Benefit <$4.OK <$2.0K <$3.1K 

90 Self-actuating containment isolation <S22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
valves 

92 Increase frequency of valve leak <50.2K >2 x Benefit <SOAK <$0.2K <SOAK 
testing 

93 Improvement of operator training on <$2.0K >2 x Benefit <$4.0K <$2.0K <$3.1K 
ISLUCA coping 

94 Install relief valves in the ICW <$0.2K >2 x Benefit <$0.3K <$0.2K <$0.3K 
system 

95 Provide leak testing of valves in <$2.0K >2 x Benefit <$4.0K <$2.0K <$3.1K 
ISLOCA paths 

96 Revise EOPs to improve ISLOCA <$2.0K >2 x Benefit <$4.0K <$2.0K <$3.1K 
identification 

97 Ensure all ISLOCA releases are <$2.0K >2 x Benefit <$4.0K <$2.0K <$3.1K 
scrubbed 

98 Add redundant and diverse limit <$22.2K >2 x Benefit <$44.4K <$22.2K <$31.1K 
switch to each containment isolation 
valve.  

107 Digital feedwater upgrade <$6.7K >2 x Benefit <$13.4K <$7.2K <$11.9K 

114 Provide portable generators to be <$3.0K >2 x Benefit <$6.0K <$3.2K <$5.0K 
hooked in to the turbine driven 
AFW, after battery depletion 

115 Add a motor train of AFW to the <MAB >2MAB <MAB <MAB <MAB 
steam trains.  

121 Create passive secondary side <MAB >2MAB <MAB <MAB <MAB 
coolers 

124 Provide an additional high pressure <$95.2K >2 x Benefit <5190.3K <$102K <$166.7K 
injection pump with independent 
diesel 

125 Install independent AC high pressure <$95.2K >2 x Benefit <$190.3K <$102K <$166.7K 
injection system
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SAMA Number Potential Improvement Benefit Estimated Cost Benefit Benefit Benefit 
(Bounding) (External Events (Repair/ (3% Discount Rate 

Sensitivity) Refurbishment Sensitivity) 
(Bounding) Sensitivity) (Bounding) 

(Bounding) 
{Including 

(Including Replacement Power (Including (Including 
Replacement Cost) Replacement Power Replacement Power 
Power Cost) Cost) Cost) 

129 Emphasize timely recirc swapover in <$77. 1K, possible <2 x Benefit <$154.2K, possible <$83.3K, possible as <$137.7K, possibly 
oprator training &5 low as <$5 1.4K as low as low as <$55,6K as low as <$91.8K 

<$102.8K 

138 Create automatic swapover to <$77.1K >2 x Benefit <$154.2K <$83.3K <$137.7K 
recirculation on BWST depletion 

139 Modify EOPs for ability to align <53. 1K >2 x Benefit <$6.2K <$3.2K <$4.8K 
diesel power to more air 
compressors.  

140 Replace old air compressors with <S4.1K >2 x Benefit <$8.2K <$4.3K <$6.5K 
more reliable ones.  

142 Install MG set trip breakers in <$12.6K >2 x Benefit <525.2K <513.5K <$22.0K 
control room 

143 Add capability to remove power <$12.6K >2 x Benefit <$25.2K <513.5K <$22.0K 
from the bus powering the control 
rods 

147 A system of relief valves that <512.6K >2 x Benefit <$25.2K <$13.5K <522.0K 
prevents any equipment damage 
from a pressure spike during an 
ATWS 

148 Create a boron injection system to <$12.6K >2 x Benefit <$25.2K <513.5K <$22.0K 
back up the mechanical control rods.  

149 Provide an additional I&C system <$12.6K >2 x Benefit <525.2K <$13.5K <$22.0K 
(e.g., AMSAC).  

151 Create/enhance reactor coolant <$7.9K >2 x Benefit <$15.8K <$8.2K <$12.4K 
system depressurization ability 

152 Make procedural changes only for <$7.9K >2 x Benefit <$15.8K <$8.2K <$12.4K 
the RCS depressurization option 

155 Secondary side guard pipes up to the <$0.1K >2 x Benefit <$0.1K <$0.1K <SO.1K 
MSIVs.  

156 Digital large break LOCA <571.5K >2 x Benefit <$143K <577.1K <5127.5K 
protection 

157 Increase seismic capacity of the <MAB >2MAB <MAB <MAB <MAB 
plant to a HCLPF of twice the SSE
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10. SAMA 129, "Emphasize timely recirculation swapover in operator training" was 
determined to be "marginally cost-beneficial" but was dismissed because it was 
not age-related. Although not age-related, implementation of this SAMA may 
be justified to reduce risk under the current operating license. Please explain 
how this operator action was addressed in the training program considered at 
the time of the IPE, and how this training has changed since then. Are there any 
other changes that could be considered for further improvement? 

This action was proceduralized at the time of the IPE. Large break LOCA with failure 
to swap to sump recirculation is a dominant cutset contributor to CDF. Training runs 
on the simulator tend to indicate that a duration of approximately four minutes is the 
time needed to establish the sump recirculation flow path. The time starts at the point 
where the six foot level in the BWST is reached in the engineered safeguards actuation 
system (ESAS) EOP and includes the completion of step F. 1 in RT 15, which requires 
opening of the outboard sump isolation valves CV-1405 and CV-1406. The 
significance of the swap over from the BWST to the reactor building sump, 
specifically RT15, is the potential to lose pump suction if this evolution is not 
accomplished within the alloted timeframe. Sufficient notes/cautions are stipulated in 
the ESAS EOP to warn the operators of this potential.  

Training has been performed on RT 15 (swap from BWST to sump recirculation) twice 
in the last ten years. Simulator drills of a LOCA nature typically do not last long 
enough to reach this task.  

To gain margin in the time it takes to swap to sump recirculation, existing procedure 
guidance (ESAS EOP) can be modified to expedite this evolution. Some of the 
possibilities under consideration are making an attachment to the ESAS EOP to 
strictly cover the scenario where swap to sump recirculation is required during a large 
break LOCA (realizing full BPI, LPI, and reactor building spray would be required to 
mitigate this event). This attachment would include only those necessary verification 
steps that would need to be checked prior to swapping to sump recirculation for a 
large break LOCA. Essentially, this attachment would not include those verification 
steps applicable to a small break LOCA condition where ESAS may not have actuated.  
From a training perspective, this issue is being evaluated to see if it needs to be 
incorporated into the operations training cycle.
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11. In general, the candidate SAMAs focus on hardware changes that tend to be 
expensive to implement (of the 169 SAMAs, only 31 involved something other 
than hardware changes, and 13 of those had already been implemented at 
ANO-1). While hardware changes may often provide the greatest risk reduction, 
consideration should be given to other options that provide marginally smaller 
risk reductions but with much smaller implementation costs. For example, 
instead of adding another service water pump to improve services water (SW) 
reliability, consider determining the causes for failures in the existing SW pumps 
and adjusting the preventive maintenance program or procedures to address the 
dominant failure modes. Provide justification for why these type of options were 
not considered more often (e.g., as SAMAs to address the major risk 
contributors at ANO-1).  

The ANO-1 candidate SAMAs did include non-hardware changes as well as hardware 
changes. Since hardware changes provide the greatest risk reduction, more SAMAs 
using this option were evaluated. The IPE program examined ANO-1 for risk-related 
vulnerabilities. Items that were identified as vulnerabilities in the conduct of the IPE 
were identified as potential SAMAs and were evaluated in the conduct of the SAMA 
analysis. The status of implementation of the IPE-related SAMAs was considered in 
the SAMA analysis. Since the IPE, there has been no concerted effort to identify 
additional items to further reduce plant risk below that resulting from the 
implementation of the items identified in the IPE.  

Given the very small calculated benefits from the bounding analyses used to evaluate 
the hardware changes suggested by the identified SAMAs, very few process changes 
impacting only a portion of the affected models would be cost-beneficial. The 
example stated in the question is a good approach for use of information from the 
PSA, however, the pooling of failures necessary to evaluate failure rates would mask 
small improvements in equipment performance. Attempts to theoretically relate 
maintenance practices to improvements in component performance are not likely to be 
considered acceptable practice; as a result, industry data is typically used for 
component failure rates due to the small number of failures experienced by a plant. In 
time the equipment reliability improvements from the agglomerated effects of 
improved maintenance practices will become evident in industry component failure 
databases and will be considered in PSA.  

However, despite the small expected calculable benefit (based on the results of the 
analysis cases) using PSA and SAMA reviews, ANO-1 has on-going practices to 
evaluate and correct causes of equipment failures and to evaluate and adjust
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maintenance practices to optimize equipment reliability. The following describes plant 
programs that are currently in place and how they impact equipment reliability.  

Maintenance Rule 
The goal of the maintenance rule program is to monitor how effective the 
preventive and corrective maintenance, predictive maintenance, and routine 
condition monitoring and trending programs are at preventing failures. When 
indications of unacceptable performance occur, the Maintenance Rule Program 
mandates a cause determination and appropriate corrective actions. System 
engineers are responsible for developing the system performance criteria and 
dispositioning applicable condition reports to determine potential impact against 
maintenance rule functions. Adverse trends resulting from a failure to meet 
performance criteria (which includes reliability criteria also) would warrant the 
implementation of a corrective action plan designed to evaluate the system's ability 
to meet maintenance rule functions, and if necessary, propose plant modifications 
and/or maintenance enhancements to improve system performance.  

Condition Reporting 
Aside from the maintenance rule program, the condition reporting process is 
another program employed to address adverse conditions. Specifically, the person 
assigned a condition report action is responsible for dispositioning the condition in 
terms of why it happened and what can be done to prevent recurrence. The 
condition reporting process covers adverse conditions and conditions adverse to 
quality; therefore, hardware and procedural issues that would impact the safe 
operation of the plant would be identified.  

Audits 
Audits (INPO, NRC, etc.) are periodically performed to evaluate the adequacy of 
design and operation of various safety related systems. Issues generated from 
these audits would result in a condition report and would be dispositioned 
accordingly to ensure safe operation of the plant in all modes of operation.  

Similarly, human actions impact the overall risk profile of ANO-1. The response to 
RAI 1(e) addresses the identification of plant specific human actions that are potential 
SAMA candidates. Even though there are two human actions that are not eliminated 
by the sensitivity analysis conducted as part of that response, and though these items 
are not considered relevant to license renewal because they are not aging-related, 
Entergy Operations has taken action to disposition these events. (See items 1(e) and 
10 for a description of these dispositions.) The ANO-1 training program continues to 
conduct its training activities to assure that plant operators are adequately and 
appropriately trained on all aspects of plant operation. This program assures that the 
training on important operator actions satisfies current requirements and needs.  

Human performance errors, like equipment related failures, would similarly be 
dispositioned via the condition reporting or the low level event process. With human
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performance issues, management would investigate to determine if adequate tools, 
e.g., adequate procedure guidance, are in place to prevent human performance errors 
from recurring. At ANO-1, lessons learned from industry events are reviewed, and 
this information is disseminated to the applicable organizations with the expectation 
that this information is used to review on site procedures and processes that could 
result in a similar event occurring at ANO-1. The Industry Events Analysis group at 
ANO-1 implements this self-critical program in part by tasking responsible 
organizations to evaluate the susceptibility of an industry issue that could potentially 
impact plant operations or safety. Identification of an industry issue that could occur 
would be dispositioned through the condition report process (in most cases).  

These programs work toward improving overall plant and equipment reliability. PSA 
updates consider actual plant equipment performance and current operating practices, 
and, in so doing, make appropriate use of plant-specific information in determining 
operator and component failure rates for use in the model. In this manner the 
suggestion stated in the question has actually been implemented and is being 
considered in our PSA modeling and results.  

12. Section 4.13.4.3 (page 4-60) mentions the use of an expert panel in the costs and 
benefits estimation process. Please provide: (a) a description of the role of the 
expert panel in the SAMA study (e.g., level of involvement, specific tasks 
performed, etc.), and (b) a discussion of the value added by the panel with some 
examples of the impact of the panel on the study.  

During the SAMA evaluation process, two expert panel discussions were held. The 
expert panel consisted of an ANO-1 senior reactor operator, nuclear safety analysis 
engineer, mechanical design engineer, system engineer, and a PSA engineer.  

The first meeting of the expert panel was held after the prescreening and quantification 
had been performed on the potential SAMAs. This review was conducted to ensure 
that the SAMAs that were initially screened were acceptable. The input from this 
panel discussion provided some additional information to the analysts regarding 
existing procedures and processes. This input was incorporated into the analysis.  

The second meeting of the expert panel was held to review the results of the SAMA 
analyses and to obtain additional insights. The input from the expert panel assisted in 
supporting the basis for conclusion, obtaining procedural references for existing 
guidance, and input regarding external event impact on certain SAMAs.  

In summation, the expert panel discussions were instrumental in providing an 
additional level of confirmation regarding the assumptions and conclusions made in 
performing the SAMA analysis.
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13. In order to determine whether or not there is new and significant information 
that must be considered on ANO-1, the staff requests the following information: 

(a) Provide a brief discussion of the emerging local water quality concerns that 
were discussed during the April 5, 2000 site visit regarding the biochemical 
oxygen demand (BOD) in local municipal water supplies. Provide any 
documentation of consultation with municipalities regarding water quality 
impacts related to high temperature, high BOD, and low dissolved oxygen 
(DO).  

The concern addressed at the April 5, 2000 site visit was regarding recent 
information obtained from the Arkansas Department of Environmental Quality 
(ADEQ) that showed DO concentrations in the Arkansas River fall below the 
water quality standard of 5.0 mg/l during the summer months. Based on 
monitoring performed by the ADEQ, low DO concentrations occur in the lower 
depths of the river channel and pools. Review of the water quality monitoring data 
for the river showed the low DO trend began in the early 1990s and occurs over a 
large segment of the river that extends far upstream from ANO into Oklahoma.  
Low DO concentrations appear to be lowest in stratified and weakly stratified river 
pool areas above dams and in tail waters below dams. It was also noted that DO 
concentrations actually improved as waters flowed downstream from Oklahoma.  

The low DO concentration issue was discovered during negotiations between 
ADEQ and the City of Russellville regarding the location of a proposed municipal 
sewage treatment discharge in the Arkansas River below Dardanelle Dam. The 
DO issue itself is not related to any municipal water supply issue since the 
Arkansas River is not directly used as a public water supply in the area based on a 
recent conversation with the Arkansas Department of Health. However, the City 
of Clarksville's water intake, which is located six miles upstream from ANO in the 
Piney Bay area of the Arkansas River, has the potential to be influenced by the 
river during extreme hydrologic conditions, thereby, affecting water quality to 
some extent.  

The cause of periodic low DO concentrations in the Arkansas River system is 
currently unknown. High BOD is not considered to be a likely factor as BOD 
concentrations are typically low. In addition, the low DO appears to be unrelated 
to any point or non-point source impact (i.e., temperature) and may instead occur 
as the result of factors related to the regulation of flow through the Arkansas River 
system.  

(b) The ANO-1 Final Environmental Statement (June 1971) and its supplements 
evaluate the impacts of plant operation using a 7-day minimum flow with a 
recurrence interval of 10 years (7Q10), which is nearly 5 times greater than 
the current estimate. Given the change in flow rate and the local water
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quality concerns discussed in (a) above, describe the significance of this new 
information with respect to the following Category 1 and 2 issues discussed in 
NUREG-1437, "Generic Environmental Impact Statement for License 
Renewal of Nuclear Plants," May 1996 (GEIS), including the basis for these 
conclusions: 

(i) Altered Thermal Stratification of Lakes (GEIS Section 4.2.1.2.3) 

(ii) Eutrophication (GELS Section 4.2.1.2.3) 

(iii) Low Dissolved Oxygen in the Discharge (GEIS Section 4.2.2.1.9) 

(iv) Heat Shock (GEIS Section 4.2.2.1.4) 

What is the effect of plant operation under these current conditions on the 
conclusions reached in the GEIS for the above issues. Include a discussion of 
the current thermal monitoring program and any related consultation with 
the US Fish and Wildlife Service and the Arkansas Department of 
Environmental Quality.  

Final Environmental Statement (fES) Thermal Impact Predictions 
Section 3.3 of the ANO-1 FES, dated February 1973, provided a detailed 
description of the ANO-1 heat dissipation system. This section addressed the 
operation of the intake and discharge structures, Arkansas Water Quality 
Standards, Lake Dardanelle hydrologic conditions, meteorological conditions of 
the area, and the studies performed to predict the hydrologic and thermal impacts 
of ANO- 1 on Lake Dardanelle.  

The hydrologic and thermal impact studies were performed soon after the 
construction of Lake Dardanelle (1966) and prior to the operation of ANO-1 
(1974) to assess whether applicable thermal criteria of the State of Arkansas would 
be exceeded. These studies included the conservative analysis of hydraulic and 
thermal dynamics of the cooling water discharge using various mathematical and 
scaled modeling techniques. Several minimum and average weekly lake flow 
values for the critical months of January, July and October were used in this 
modeling. As outlined in Section 3.3.6 of the ANO-1 FES, minimum weekly flow 
values were obtained from projections performed by the U.S. Army Engineers, 
with average weekly flows obtained from the records of the U.S. Geological 
Survey for the period of 1967 to 1970. The Arkansas Pollution Control 
Commission approved flow values used in these modeling studies.  

The once-in-ten-year minimum weekly flow value (7Q10) of 3500 cfs 
(approximately five times higher than the current 7Q10 flow value) used in these 
modeling studies was probably not based on a ten year period of record since the 
lake was impounded in 1966. Using the 7Q10 value of 3500 cfs, the
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preoperational hydraulic and thermal studies concluded that the ANO-1 cooling 
water free discharge flow would not exceed water quality criteria for temperature 
in Lake Dardanelle. These studies demonstrated, that with the exception of 
localized impacts in the discharge embayment area that: 

"* The maximum temperature of the lake after mixing would not exceed 95'F.  

"* A thermal block, in excess of ambient plus 5'F from bank to bank, would not 
occur in the main body of the lake.  

The Arkansas Pollution Control Commission accepted the conclusions of these 
studies and issued a specific water discharge permit to ANO in July 1969. This 
Permit required ANO to conduct a thermal monitoring program after ANO-1 
operations began in 1974.  

Lake Temperature Monitoring 
Operational studies to assess the thermal impact to Lake Dardanelle began in 1974 
and were discontinued in 1994. These studies concluded that thermal impacts in 
Lake Dardanelle beyond the discharge embayment area were small, which is 
consistent with the predicted thermal modeling described in the ANO-1 FES.  
These studies, which included DO monitoring, also demonstrated that the 
operation of ANO-1 did not cause a significant impact on water quality or biota of 
Lake Dardanelle.  

ANO was also required under NPDES Permit Number AR0001392 (issued 
September 30, 1997) to conduct temperature monitoring at three locations twice 
per month in June, July, August and September at a depth of three (3) feet for a 
period of three years. The three-year monitoring program has been completed and 
results have been submitted to the ADEQ. The results of this monitoring program 
help demonstrate that ANO-1 continues to operate within the specified thermal 
effluent limitations, and that the water quality standards for Lake Dardanelle are 
not exceeded.  

Conclusion 
Section 4.2.1 of the GElS (Surface Water Quality, Hydrology and Use) concludes 
that impacts to water quality are of small significance if discharges are within 
thermal effluent limitations designed to ensure protection of water quality, and if 
ongoing discharges have not resulted in adverse effects on issues such as thermal 
stratification, eutrophication and low dissolved oxygen. Based on studies at ANO 
from 1974 through 1994 and most recently from 1997 through 1999, it has been 
demonstrated that the operation of ANO-1 has not caused a significant impact on 
water quality of Lake Dardanelle. In addition, these studies have shown that 
thermal impacts continue to be consistent with preoperational predicted modeling 
studies described in the ANO-1 FES even though the original modeling studies
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utilized a 7Q10 flow value for Lake Dardanelle that is approximately five times 
higher than the current 7Q10 flow value.  

The information submitted in the Section 4.3 of the ANO-1 ER (Entrainment, 
Impingement, and Heat Shock of Fish and Shellfish) remains valid since 
conclusions are based on the operating history of ANO-1 and on actual 
measurements and data, and not preoperational thermal modeling studies that were 
used to develop predictions before data were available. In regard to thermal 
stratification, eutrophication and low dissolved oxygen, GEIS conclusions for 
these issues were based on published information, agency consultation and 
information provided by utilities. They were not based on preoperational 
predictive thermal modeling but instead were based on operational history. In the 
case of ANO-1, this operating history includes continual compliance with the 
NPDES Permit and results of an extensive environmental monitoring program in 
Lake Dardanelle. Therefore, the issue regarding the 7Q10 flow value of Lake 
Dardanelle is not new and significant information. In addition, Category 1 
conclusions outlined in Sections 4.2.1 (Surface Water Quality, Hydrology, and 
Use) and 4.2.2 (Aquatic Ecology) of the GElS remains valid for ANO-1.



DEPARTMENT OF THE AM 
LITTLE ROCK DISTRICT, CORPS OF ENGINEER 2o 

POST OFFICE BOX 867 
REPLY TO LITTLE ROCK, ARKANSAS 72203-0867 
ATTENTIONOF April 18, 2000 

Operations Division 

Reservoir Control Branch 

RE: Request for Lake Dardanelle Operations Information 
FTN No. 6045-061 

Mr. Bob West 

FTN Associates, Ltd.  

3 Innwood Circle 

Suite 220 

Little Rock, Arkansas 72211 

Dear Mr. West: 

There are no anticipated plans to change the operation of 
Lake Dardanelle. The operational pool limits are from the 
navigation pool at elevation 336.0 feet, NGVD, to the top of the 
conservation or power pool at elevation 338.2. The Corps will 
continue to operate within these limits, unless a change is 
necessitated in order to maintain the navigation system.  

The operation of Lake Dardanelle is based on the 
"Regulation Manual for Pool No. 9 and Lake Dardanelle", dated 
February 1976 and with Change No. 1 dated August 1980 and Change 
No. 2 dated May 1981. The regulation manual was scheduled to 
be updated; however, the update has been put on hold until che 
Arkansas River Navigation Study concludes. This study is in the 
feasibility phase and just started last month. The study is 
scheduled to be complete in three years. An impact to Lake 
Dardanelle, due to this study, could be that of a change in the 
inflow pattern. However, this would not change the pool's 
operating range of 336.0 to 338.2. Also, a study that is 
presently inactive is the Round Mountain Hydropower Pump-back 
Project. Again this project would not change the operating pool 
limits but would cause pool fluctuations within the pool limits 
and possibly affect water quality.



-2

In regard to the license renewal of Entergy Operations, 
Inc. for the operation of Arkansas Nuclear One Unit-I (ANO-l), 
there have been some problems in the past associated with a special operation for Lake Dardanelle. This special operation, 
called a "hinge" pool, lowers the headwater elevation to 336.0 where it is held for several days. This special operation will 
continue in the future as it is a channel maintenance operation.  
In the past, this pool elevation has triggered an alarm at ANO 
at which time an operator would call the lock operator at Lake Dardanelle inquiring about the pool situation and ask that the pool be raised. However, there is no standard operating 
procedure for contacting ANO in the case of an emergency at 
Dardanelle Dam that might impact the pool.  

If additional information is needed, you can contact Glen 
Raible at 501-324-6239 or e-mail: 
glen.a.raible@swl02.usace.army.mil.  

Sincerely, 

Michae• EMilleor Chief, Operations Division

I


